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THE RAINS OF THE NILE BASIN 

AND 

THE NILE FLOOD OF 1906, 



CHAPTER I. 
Introduction. 



The series of seven dry years which began with the exceptionally 
low flood of 1899 when the volume discharged by the Nile was 
37 per cent below the average, and ended with that of 1905 which 
was 35 per cent deficient, was succeeded this year by a flood which was 
more nearly of average volume. 

Year by year it is possible to supplement existing information by 
newer and more ample data, and to fill gaps in the chain of conditions 
which lead up to the summer rains of Abyssinia, the feeders of the 
Nile flood. A few years ago the resemblance between the gauge curve 
of a rising flood and that of some former year was used as the only 
means of anticipating its probable development ; then it was suggested 
that the Bombay rainfall might be utilized as a basis of prediction, 
but with the re-opening of the Sudan and the establishment of 
meteorological stations there, supplemented by others in the equatorial 
regions, our knowledge has rapidly increased, and deductions from 
accurate observations have largely replaced empirical methods. To-day 
we can follow the northward extension of the rains of tropical East 
Africa from Mauritius and Zomba (in British Central Africa) which 
lie just within the southern tropic, through German East Africa up to 
the lake plateau. In the Seychelles Islands of the Indian Ocean and 
in British East Africa and Uganda, we note them as they pass on to 
the Somali Coast and to the Bahr el Jebel. Further north again, a 
chain of meteorological stations now supplies full information about 
the intensity and the extension of the rains from the Nile-Congo 
watershed through the Bahr el Ghazal, and along the Bahr el Jebel and 
the Sobat across the Sudan plains to the limits of the Monsoon region 
near Dongola and Berber ; to the south of the Abyssinian tableland 
information is still meagre, and we are dependent on the journals of 
the few travellers who have traversed the region. 

In Abyssinia itself, more systematic study of the meteorological 
collations is urgently needed. When the heavy rainfall of July and 
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August has set in, the conditions of the surrounding regions seem to 
give but slight indications of the variations which take place on the 
tableland, and as 30 per cent of the total rainfall falls in each of these 
months, a break in the rains lasting for 10 days may reduce the volume 
of the Nile flood by 10 per cent. At Addis Abbaba alone is the rainfall 
measured at present, and it is not yet possible to get observations from 
places lying further to the west, which are thus more representative 
of the Blue Nile basin. In 1907 a qualified meteorologist will be sent 
to Addis Abbaba in order to study the local conditions on the plateau 
during June, July, August and September. 

It is also proposed to investigate the upper region of the Monsoon 
current over the Sudan plains by means of kites carrying self -register- 
ing apparatus, but this work which w^as to have been commenced in 
1907 is now unavoidably postponed till 1908. 

The Nile has presented several features of special interest during 
the past year. In both February and March, heavy rainstorms occurred 
in Abyssinia and the Southern Sudan, which raised the river levels and 
greatly improved the low stage supply of the spring months ; the 
steady improvement in the rainfall of August and September furnished 
a flood about 10 per cent below the average while the maximum gauge 
readings at Wadi Haifa just exceeded the mean, a great improvement 
on the conditions experienced during the past seven years. We have 
therefore a flood of nearly normal volume to study, and our task is 
greatly facilitated by the new river gauges built in masonry which have 
been constructed by the Sudan Irrigation Service to take the place of 
temporary gauges. 

The river gauges which exist at the present time are given in the 
following table : — 

TABLE I. — Lake and Biver QauOes in the Nile Basin. 



PORTION OF BASIN. 



Lake Viotoria 



Lake Albert 



••• ••• •< 



Bahr 



el Jebel < 



Bahr el Ghazal(jur. R.) 



Placx. 



Eisumu 

UUljSixa ... ••• ••• 

Entebbe 

Butiaba 

Wadelai 

Gondokoro 

MoDgalla 

Bor Mission Station. 

^^\Jk ••• •■• ••• ■•• 

Ghaba Shambe 

** CbU ■•• ••• ••• ••• 



Natube of 
Qaxjqz. 



Brick well 
Masonry ... 



f» 



I • • • I 



Wooden or Iron? 

Masonry 

Iron plate 

Wooden 



Approz. 
Reading 

of 
low stage. 



m. 
0-00 
0'30 
0-15 

1-25 



0-90 
1-40 
1*30 
1-20 

0-60 



Level of 
zero above 
sea-level.* 



m. 

1135 
1136 
1134 

? 

? 
? 
? 

* 

* 




Rkicabks. 



Approx. 

u 
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TABLE I. — Lake and River Gauges in the Nile Basin (continued.) 



PORTION OF basin. 



Bahr el Ghazal (cont.) 



White Nile 



River Sobat 



Blue Nile 



... < 



River Atbara 



Nile 



I * * • • • 



Place. 



MeshraerRek... 

Atti^o 

Tau^kia 

Kodok 

Melut 

■XVdllVa a* ••■ «•• 

Goz Abu Guma 

Dueim 

Geteina 

Gambela (R. Baro) 

Tawf ot 

DoleibHUla ... 
Abwong 

Roseires 

Singa 

Sennar 

Wad Medani ... 

Kamlin 

Khartoum 

Khashm el Girba 

Berber 

Sarras 

Wadi Haifa ... 
jc&B^^au ... ... 



Naturb of 
Gauge. 


Approx. 
Reading. 

of 
low stage. 


Level of 
zero above 
sea-level.* 




m. 


m. 


Wooden 


8-55 


7 

• 


Masonry 


11-90 


373-50 





9-75 


373-50 


«« ••> •■• 


10-00 


372-00 


«• ••• ••« 


10-00 


370-50 




10-00 


367-00 




10-10 


363-50 


«% •■• ••• 


9-60 


362-25 


•• ••• ••■ 


10-10 


361-50 


Wooden 


0-00 


> 


n 


0-60 




Masonry 


10-30 


» 

• 


»» 


• 10-00 


1 

• 


Masonrv 


8-90 


426-59 




10-50 


402-29 


^« • • • • • • 


7-80 


394-29 





7-80 


376-79 


•ft •>• •■• 


10-00 


368-59 


4* • • • • • • 


10-00 


364-37 


Cut on rock ... 


9-00 


* • • 


Masonry 


0-40 


338-45 


Painted on rock. 


0-50 


132-79 


Masonry 


0-60 


116-70 


M 


85-00 


84-16 



Remark fli. 



* The zero of Khartoum gauge being 361*37 metres above mean sea-level at Alexandria, as determined by 
recent levelling. 

In the course of 1906 the rainfall was measured at several stations 
where previously rainy days alone were recorded, since Mr. C. E. 
Dupuis, Inspector General of Sudan Irrigation, made the necessary 
arrangements for doing so. The number of stations at which the 
rainfall was recorded at the end of 1906 was : — 



TABLE II. 










Rainfall measured. 


Rainy day 


s recorded. 




1905 


1906 


1905 


1906 


XUf^j^v ..• ••* ••* ••« ... *.• ... ••• 

Sudan Plains and Blue Nile 

Sobat, Bahr el Jebel and Bahr el Ghazal . 


16 

21 
10 


23 

30 
16 


• • • 

27 
8 


• •• 

25 

7 



Data received from the following stations has also been utilized: — 



Eritrea and Abyssinia 








6 


6 






Uganda 








8 


8 






British East Africa ... 








20 


34 






German East Africa ... 








9 


9 






British Central Africa 








1 


1 






SeychQlle^ 

Mauritius 






: ( 


Not used 


1 1 
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I would most gratefully axjknowledge the generous manner in which 
information has been contributed from Eritrea, Addis Abbaba, Uganda, 
British East Africa, German East Africa, British Central Africa and 
by Dr. Gr. Walker, F. R. S., Director General of Observatories to the 
Gt)vemment of India, and Dr. Claxton, Director of the Royal Alfred 
Observatory at Mauritius. The rainfall, which was communicated daily 
by telegraph in August and September by Colonel Sir John Harrington, 
K.C.M.G., from Addis Abbaba, and by Captain Tancredi from Addi 
Ugri, enabled correct forecasts of the flood to be made at a time when 
other information gave but an ambiguous clue to the development of 
the rains. 

The rains were somewhat late in reaching the Sudan plains and 
were at first rather weak ; in July an improvement took place, which 
was maintained in August and the early part of September, so that 
the flood on the whole was fairly satisfactory, and as gauged by the esti- 
mated volume passing Aswan, reached 0*87 of an average flood. From 
this it may be considered as about equal to the floods of 1900 and 1901, 
but coming as it did, immediately after good low-stage levels (see p. 57) 
and increasing to a somewhat late maximum, it may be characterized 
as fairly good rather than moderate only. 

From May onwards, public opinion strongly inclined to the view 
that the flood would be an exceptionally large one, as the favourable 
low- stage levels, due to abnormal rainfall in February and March, were 
generally interpreted as the result of an early and unusual development 
of the summer rains, but the meteorological conditions in the regions 
south of the Sudan never lent any support to this view, indeed, in May 
the prospect was distinctly unfavourable, and it was not until after 
June that a decided improvement was discernible. 
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CHAPTER II. 
The Normal Distribution of the Rainfall. 

The seasonal distribution of the rainfall over the tropical region of 
East Africa exhibits the regularity usual in this region, where no high 
mountain ranges prevent the free movement of the air currents. The 
relief of the eastern half of Africa lying between the tropics may, if 
local features are neglected, be described as a belt of high land 1,000 
to 1,200 kilometres wide, and from 1,000 to 2,000 metres above sea- 
level, extending from the southern end of Lake Nyassa to the northern 
part of Eritrea. A lower belt 500 to 600 kilometres wide separates 
it from the Indian Ocean on the east, while to the west extend the 
low-lying basins of the Upper Congo and the Nile. 

At the southern limit of this tropical belt, the rains reach their 
maximum in January, and afterward move gradually northwards, 
following the sun's apparent change of position until in July and 
August, the Abyssinian plateau receives two-thirds of its total rainfall. 
After this, the rains retreat southwards, falling heavily on the southern 
tropic about the end of the year. 

In consequence of the gradual shift of the rainy season, it is not easy 
to prepare a map which will show the seasonal rainfall satisfactorily ; 
while one region is adequately represented, those to the south and 
north of it exhibit the later and earlier features of their precipitation 
respectively. Last year*, in describing the average distribution of the 
rainfall, I gave monthly rainfall maps so far as the available data allowed. 
In the present Report, the seasonal and annual distribution are given 
on Plate II, a, ft, c, and d. In Plate II, ft, the rainfall of June- September 
is shown, being that which supplies the Nile flood and is of primary 
importance to the Sudan. Plate II, a, shows the distribution for the 
period March-May, which corresponds to the first rainy season of the 
Lake plateau, while in Plate II, c, is that of October-December, the 
second rainy season of the Lake plateau. 

In this grouping, the upper part of the Bahr el Jebel and North 
Uganda where the rains practically continue from May to October, and 
British Central Africa with its rains from December to March, are not 
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The Raina of the Nile Basin for 1905," Survey Department, Cairo, 1909. 
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well represented, while the rains of German East Africa are often 
heavy in February. 

The general march of the rains dinging the year is briefly described 
in the following paragraphs, while the mean values are given in the 
Table III (p. 16-19). 

January. — In this month the rainfall at Zomba and generally in the 
southern portion of British Central Africa is at its maximum, as well 
as at Mauritius and Lorenzo Marquez. In the southern part of the 
equatorial belt, the rainfall is less than in December, but is still consi- 
derable. North of the Albert Lake practically none falls. 

February. — Rains are still at a maximum in British Central Africa, 
and tend to increase in the southern part of German East Africa, but 
they have reached a secondary minimum in British East Africa and 
round the Victoria Lake, while to the north of this, dry conditions and 
clear skies prevail. 

March. — In the south, the rains diminish slightly, in German East 
Africa the maximum is recorded at inland stations such as Tabora, and 
at Ujiji on Lake Tanganika, while a general increase takes place over 
aU the Equatorial Region, and extends as far as lat. 5° N. on the Bahr 
el Jebel. 

April and May form the principal rainy season of the equatorial 
belt, and at both coast and inland stations from 200 to 400 millimetres 
per month are recorded. The southerly winds have now extended 
northwards as far as the valley of the Sobat, and the annual monsoon 
rains have begun to fall up to this point, but are not as yet heavy, 
except on the upper reaches of the Bahr el Jebel where about 150 mil- 
limetres a month fall, and on the southern tableland of Abyssinia where 
actual measurements are wanting, but all acounts agree in describing 
the April -May rains as heavy with intervals of fine weather. 

The first light rains, "Azmera," of Abyssinia are now falling, but 
they are of local importance only, and do not affect the rivers much 
until the latter half of May. 

June. — By this time the low pressure centre which occupies the 
north-western portion of India from June to September has developed, 
and the gradient from the Nile Vallej- eastwards towards the Persian 
Gulf is well defined. In connection with this. the southerly winds 
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rapidly extend to lat. 16° N. and the monsoon rains set in over the 
Sudan plains, the Abyssinian. tableland and in Eritrea. The Blue Nile 
and the Sobat are rising steadily, fed by a rainfall of 150 to 200 mil- 
limetres. Such data as exist seem to show that about 15 per cent of 
the monsoon rainfall of Abyssinia falls in this month. 

July and August are the dry seasons in the Equatorial belt, but they 
include the height of the monsoon rainfall in the Sudan and Abyssinia 
as well as in India. Over 60 per cent of the rainfall of the year falls 
in these two months, and the Nile flood is directly determined by it. 

In September the rains at first moderate, and usually by the middle 
of the month diminish very markedly except in Southern Abyssinia, 
where they last rather longer than in the north. The southward retreat 
of the rains has now begun, and with it the second maximum on the 
Upper Bahr el Jebel usually occurs. 

In October the rains north of lat. 6° N. are unimportant, though 
they are fairly heavy to the south of this, and in this month the autumn 
maximum occurs at Wadelai. On the Lake plateau rains increase as 
the autumn wet season sets in, and a considerable amount falls at most 
stations. The dry northerly winds are now pressing southwards, and 
the coast rains are less than in the spring. 

November is usually the month of heaviest rainfall in the equatorial 
region, but at somestations December seems to approach or even exceed it. 
In German East Africa the latter is considerably the more important, 
while at Zomba it is almost equal to January and February, and forms 
with them the rainy season of the summer tropic. 

In the following table the mean rainfall is given for a series of stations 
in and near the Nile basin, where one year's observations at least are 
available. 
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TABLE in. 
1 Monthly Rais&U in Mmima< 



A.— Stations nxab but not in the Nils Basin. 



HTATIOKS- 


Tbabs. 


t 

1 

^ 


. 


* 












i 


1 


T 

.2 

a 




Teas. 








1 


1 


& 

S 


^ 


^ 


«; 


1 


S 


» 






30 




lOfi 


132 


263 




SO 


68 


61 


6S 


3S 


32 


48 


123 


1164 


Baychellea 


If) 




459 


30i 


27S 


177 


156 


I-IO 


6i 


74 


129 


127 


28B 


37S 


SS76 


BritiahCentr.Aflioa: 
































Zomba 


12 




283 


29S 


soe 


!>3 


18 


12 


8 


a 


8 


44 


137 


^S 


198S 


































Lindi 


10 


% 


154 


106 


180 


149 


35 


1 


9 


li 


il 


11 


47 


115 


880 


Dur e» Salam 




13 


V,\ 


94 


63 


133 


ai2 


207 


28 


41 


29 


32 


31 


80 


112 


1164 


Morogoro Tal 




2 


'/li 


127 


78 


244 


33B 


106 


44 


38 


19 


16 


17 


44 


163 


1234 


KilOMB 






*/.! 


97 


107 


123 


149 


r,2 


7 


19 


15 


12 


19 


61 




7ia 


Mpapua 




i 


v.i 


96 


118 


166 


72 


12 




2 











27 


137 


em 


Ta^« 




Q 




146 


133 


169 


133 


21 


4 










12 


82 


146 


869 


Cjiji 




i 


'/>, 


10% 


126 


155 


12!) 


32 


6 








12 


41 


104 


110 


e2s 


a- ::: ::: 




13 


Vit 


46 


43 


106 


388 


34i 


64 


io;i 


79 


M 


86 


229 


68 


1548 




5 


"/" 


72 


69 


120 


S* 


121 


23 


42 


8 


9 


42 


ISl 


96 


SIS 


British Biut AftioB: 
































ZantibM 


36 




86 


85 


165 


264 


270 


27 


70 


48 


52 


76 




70 


1399 


UombasB ... 




16 


«/.. 


22 


SI 


68 


186 


351 


lOl 


81 


56 


63 


73 


13S 


58 


1211 






14 


V) 


10 


17 


B8 


133 


378 


106 


loa 


4S 




66 


110 


24 


1101 


UallDdl 




15 


•/ii 






25 


164 


301 


130 


97 


36 




64 




23 


1088 


Golbanti 




2 


!Ai 


11 


18 


96 


68 


196 


87 


84 


66 




59 


64 


68 


8H 


KlMMJU ... 




12 


< 


1 


I 




44 


13fl 


32 


49 


20 






19 


7 


398 






I 


'/. 





1 


PS 


29B 


751 


11] 


38 


6! 




7 


36 


22 


1761 


UBieroa '.'.'. '.'.'. 




2 


J/,, 


71! 


32 


107 




872 


198 


103 


45 




M 


180 


306 


1336 


Bhimonl 




Ifl 




36 


22 


»6 


263 


400 


129 


113 


62 




49 


153 


58 


USfi 


„.„..„ )OoVt.F.UTD 


2 


''"t 


8 


■il 


156 


48 


50 


1 










48 


336 


202 


SS9 


HIKInUU ) RbJi^jj. Swtton. 


2 




3 


46 


804 


86 


22 













Ifi 


19+ 


48 


610 


Machakoa 


12 




j)3 


76 


143 


Sifl 


64 


18 




10 




55 


208 


118 


960 


iaoti.F.no... _ 


T 




46 


]20 


131 


201 


132 


64 


19 


26 




69 


131 


92 


lOIB 


Nginoi JbbUwv auoott. 


3 


"/,. 


SS 


*0 


193 


244 


137 


32 


12 


27 




77 


128 


80 


loss 


(aBb.Conir.Hou« 




•/!» 


£2 


fi4 


2li6 


318 


1S8 


44 


12 


22 




63 


145 


mi 


1266 


"'I'"" i B.U-.J- Station. 


2 




U 


36 


126 


IBl 


D5 


38 


80 


64 




36 


61 


96 


768 


3 




S3 


43 


155 


132 


28 


20 


22 


72 






102 


87 


830 


Fort Hall 






2S 


86 


1B3 


309 


112 


6t. 


24 


2'. 




136 


187 


70 


1208 


Nakura 


3 






15 


141 


96 


99 


64 


64 






79 


60 


42 


794 


Kikuju 


13 


Vk 


38 




]ti8 


24B 


183 


68 


26 






46 


133 


94 


1144 


Molo 


3 




66 


ci 


199 


228 


201 


isr 


96 


865 




124 


92 


73 


1764 


Eldoma BaTiDe 


5 


"/ii 


33 


78 


lOS 


129 


117 


100 


ec 


88 




49 


SO 


41 


993 


MwaUI« 


3 




51 


IS 


111 


111 


64 


13 




S 


IS 


!5 


106 


66 


eis 


Nyeri 






26 


44 


97 


142 


ISl 


19 




Si 


20 


84 


13£ 


129 


930 


ithi Elver 


3 




19 


4B 


270 


143 


49 


7 




31 





78 




35 


781 


Kitol 


3 




21 


18 


204 


212 


76 


9 






1 


70 


sei 


112 


1087 


Vol 


S 


•/.! 


43 


to 


190 


136 


53 


42 




< 


22 


10 


198 


17b 


9Z4 


HackiimoD Bond 


a 




66 


SS 


z 


159 


103 


61 


3{ 


22 


38 


IS 


137 


126 


961 
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TABLE HI {m>.ii,.^u',L) 
Mean Monthly Rainfall in Millimetres. 



B. — Stations within the Nile Basis. 
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TABLE III (continued,) 
Mean Monthly Rainfall in Millimetres. 



B. — Stations within the Nile Basin (continued.) 
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TABLE III {continued). 
Mean Monthly Rainfall in Millimetres. 
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E. — Stations in Beubiba Pbovincb and west of the Nile Delta. 
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TABLE IV. 

Beheira Province "Winter Redns in Millimetres, 
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CHAPTER III. 

The Rainfall of 1906. 

The rainfall at Zomba in British Central Africa had been heavy in 
November 1905, being 81 % above the average, but in December it fell 
nearly to the normal, and in January, February and March, was far 
below it. Other inland stations to the north experienced the same 
deficiency in January, ejj, Kilos^a, Tabora and Ujiji, while the inland 
stations further north as far as the Equator w^ere nearly all more or less 
in defect. The coast stations had rain up to the average, or slightly 
above it. 

In February the southern inland stations of Zomba, Kilossa and 
Tabora were also deficient, esj>ecially the first, but at the coast sta- 
tions and throughout British East Africa and Uganda, there was 
a considerable excess. In this month there occurred the first of 
the rainstorms which so effectively improved the low-stage conditions 
of the Nile, and staved off the shortage of water in Egj^pt in May, 
June, and July, which, but for these storms, would have been inevi- 
table. Meteorological and rainfall stations are still sparsely scattered 
over a vast area in the Sudan, and we have to piece together infor- 
mation to form such an account as can be made. At Wadelai the 
rainfall was 55 mm. above the average, and heavy falls occurred on 
the 12th, 19th and 20th. At Gondokoro an excess of 61 mm. was 
mostly due to rain which fell on the 13th and 19th. At Ghaba 
Shambe 119 mm. fell during the month, being 79 mm. above the 
average. At Wau, in the Bahr el Ghazal, 62 mm. fell, being 37 mm. 
above the average of three years. At Deim Zubeir, further west, heavy 
rain was recorded on the 20th, and on the Bahr el Arab heavy rain 
was reported on two days, though this season of the year is usually 
dry and fine. On the Sobat heavy rain, 105 mm., much above the 
average, fell at Tawfot near Nasser, but only 37 mm. at Gambela ; 
72 mm. were measured at Doleib Hilla of which 67 fell on the 18th. 
At Addis Abbaba, 108 mm. more than the average fell, but none was 
recorded at Roseires, to the west of the Abyssinian tableland. 

In March also a similar storm occurred, and we note large excess 
rainfall at Nimule, Gondokoro, Gambela and Addis Abbaba, while at 
Wadelai, Bor, Wau, Melut, Dueim, Gallabat and Gedaref, it was above 
the average. 
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April and May form the first and principal rainy season in the 
equatorial belt of Eastern Africa, and in both months the rainfall was 
exceptionally heavy, the excess extending further inland than in 1905. 
In the region of the Upper Congo, the same conditions prevailed, and 
Frobenius * states that villages in this region, which are usually high 
and dry, were flooded in April 1906, and the inhabitants were obliged 
to build their huts on piles and to use canoes for communication between 
village and village. 

With this abnormal precipitation in the equatorial regions, the 
northward extension of the southerly winds was weak and slow, and 
on the White Nile (latitude 10"^ N.) they had not yet set in definitely 
by the beginning of May, and at Dueim (lat. 14° N.) they were only 
recorded on two or three days in April, the rains being therefore below 
the average. 

This was the more noticeable as the rainfall in the southern portion 
of the basin had been excessively heavy in the earlier months, but such 
local excess has, in all probability, much to do with delaying and 
weakening the monsoon rains to the northward, as the same effect has 
been observed in previous years. 

In April, while the Zanzibar rainfall was 67 % above Ihe average, 
that of Entebbe was 44 % above it, so that the Victoria lake was 
abnormally high, being in fact on April 30 about 0*50 metre above the 
mean annual level (1896-1902) and 0*02 metre below the highest level 
recorded at any time during this period. 

In May, rainfall was again in excess on the coast near Zanzibar and 
Mombasa, but somewhat in defect at most stations on the plateau of 
British East Africa and on the north of Lake Victoria. 

Thus, while the inland rainfall moderated, that on the coast and the 
Indian Ocean was maintained, and at the Sudan and Abyssinian stations 
deficiencies were reported. 

The rainfall during June was above the average at Zanzibar, and the 
coast stations of Mombasa, Takaungu, Malindi, Kisimayu and Shimoni, 
but further inland it was in defect, except at some stations round Lake 
Victoria. It was average at Wau in the Bahr el Ghazal and at Gon- 
dokoro on the Bahr el Jebel, and somewhat in excess at Wadelai. 

On the White Nile rain is never heavy in June, and the amounts 
recorded this year vary considerably, being in excess at Dueim and 
deficient at Khartoum, while at El Obeid in Kordofan it was unusually 
heavy, 

^ "Zeitschrift der Gesellschaft fur Erdkunde" Berlin, 1906, p. 495. 
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On the Blue Nile the rainfall was above the average at Roseires, 
and below it at Wad Medani, while at Gallabat and Gedaref it was 
about normal; at Addis Abbaba the moderate deficiency of the previous 
month was repeated. 

In Eritrea, a slight excess was recorded at Addi Ugri, in place of a 
deficiency in May, but throughout the season rainfall in this area did 
not differ much from the normal. 

So far then, the monsoon rains had been weak and below the average; 
the effect of the early flood waves of February and March was passing 
off, and though low-stage levels were still favourable, the gauge at Wadi 
Haifa was falling steadily, and the lowest reading was reached on 
June 14. On the whole, the rains were rather late and weak in the 
Sudan area in this month. 

Normally in July the rains on the equatorial plateau and on the east 
coast have greatly diminished from what they were in June, and the 
summer dry season has set in. In the Bahr el Jebel, Bahr el Ghazal, 
and Sobat basin rains are heavy, as well as on the Sudan plains. On 
the Abyssinian tableland the rains are heavy, nearly 30% of the annual 
rainfall falling in this month. 

The amount of rain recorded in regions in and around the Nile basin 
in July 1906, is given in the following table, No.V and two principal facts 
come out clearly ; firstly, excess of precipitation on the equatorial East 
Coast, which has been persistent since the beginning of the year, is now 
replaced by a deficiency; secondly, the rainfall over the Sudan plains 
has been somewhat above the average at almost all the stations from 
which information has been received. In Abyssinia there was a marked 
improvement, the rain at Addis Abbaba being 75mm. above the aver- 
age^ but this did not extend weastwards to the Sudan, nor northwards 
into Eritrea, for at Roseires and Addi Ugri it was 38 mm. and 18 mm. 
below the normal respectively. The general features of July were a 
steady improvement in the rains, which, however, were not sufficient 
to bring the river levels up to the average after the late arrival and 
weakness of the June rains. Few heavy falls seem to have occurred, 
judging from the gauge curves of Roseires and Khashm el Girba. 

In August, rainfall was usually in defect in the equatorial belt except 
on Lake Victoria, still it is the middle of the dry season here, and the 
rainfall is of no special significance for the Nile flood. On the Sobat 
and the Sudan plains, it was almost everywhere above the mean, and 
appears to have been generally better than for several years past. 

In Abyssinia it was considerably above the average at Addis Abbaba 
but must have decreased rapidly westwards as neither the fall recorded 
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at Roseires nor the river levels are commensurate with the amount 
which fell on the eastern crest of the tableland. 

In this month the heaviest rain falls on the Abyssinian tableland 
where no measurements are as yet being made and it is certain that 
valuable information could be obtained by a competent meteorologist 
spending a rainy season on the tableland for the purpose of studying 
the meteorologicixl conditions there, as will be done in 1907. 

This year the rain fell in a series of heavy storms at 6 to 8 days' 
interval which caused a series of flood waves in the Blue Nile. These 
have been utilized to determine their rate of translation downstream at 
different sta^ifes of the flood. 

By the time Khartoum is reached these waves have flattened consi- 
derably and the curves only slightly indicate them. Gauge readings 
at Roseires only exist from 1900, that is during a series of dry years 
but it seems probable that in yejirs of high flood not only are high 
gauge readings recorded but the fall betwen successive flood waves is 
much less than in less favoumble years, showing that rain is more con- 
tinuous. 

In September a heavy burst of rain occurred in Abyssinia in the first 
days of the month aft^r which the rains fell off rapidly both there and 
in Eritrea. The Addis Abbaba rainfall was 42 nun. below the average 
and at the stiitions on the Sudan plains it was rather above the average; 
at El Obeid an excess of 50 mm. was recorded. 

On the Sobat and some places on the Bahr el Jebel the fall was rather 
deficient but at others as Gondokoro it was above the average, and at 
Wau in the Bahr el Ghazal the same occurred. The definite decrease of 
the flood began at Roseires on Sept. 9, at Khartoum on Sept. 12, 
rnd at Wadi Haifa on September 17, these being very little after the 
average dates. 

The maximum readings were : — 



Place. 


Date. 


Mean date. 


Reading. 


Mean 
Reading. 


Diff. 


No. of years 
in mean. 


Roseires 


Sept. 1 

Au<r. 2G 
Sept. 8 

„ n 

„ 20 


All<?. 21 
., 31 

Sep. 2 
„ 2 
„ 4 


ra. 

21-10 

16- 51 

15-30 

7-75 

8-19 
92-78 


m. 

20-21 
15-98 
14-98 
7-54 
8-16 
03-07 


m. 

+0-89 
+0-53 
+ 0-32 
+0-21 
+0-03 
-0-29 


7 


Khartoum 


7 


Khashm el Girba. 
Berber 


4 

7 


Wadi Haifa 

Aswan 


17 
38 
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Both the Wadelai gauge and that on the Albert Lake at Butiaba rose 
in September with the returning rains, but at Kisumu the Victoria 
lake continued to fall slowly towards its autumn minimum. 

The rainfall near the lake and also on the Coast was slightly below 
the average. 

On the whole therefore it may be said that September rains in the 
Nile Basin were about normal both in intensity and in the date of their 
withdrawal. 

In October rains were heavy on the Bahr el Jebel and the Bahr el 
Ghazal, but on the Lake Plateau they were slightl}^ in defect. At 
Zanzibar there was a fair excess but in East Africa generally the fall 
was not abnormal. 

In November rain w-as deficient on the Upper Bahr el Jebel and 
on the Lake Plateau, in East Africa it was on the whole somew^hat 
deficient though a few places had very heavy rain. At Zomba it was 
above the average. 

In December although rain at Zanzibar and Mombasa was excessive, 
at other places it w^as usually below the average. 



TABLE V (continued.) 
Monthly Rainfall in Millimetres in 1906. 



A, — Stations near but not in the Nile basin. 
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TABLE V {continued) 
Montlily Rainfall in Millimetres in 1906. 



B. — Station within the Nile Basin. 
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TABLE V (rontitiued). 
Monthly Rainfall in Millimetres in 1906. 

B. — Station within the Nile Basin (eimlimied). 
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TABLE V icmitinued). 
Monthly Rainfall in Millimetres in 1906. 
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D. — Stations in Upper and Lower Egypt. 
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E. — Stations in Beueira Province and west of the Nile Delta. 
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TABLE VI. 



Difference of Rainfall of 1906 firom the Mean in Millimetres. 
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Masaka 


— 45 


H- 42 


+ 48 


+ 31 


+ 33 


+ 103 


+ 74 


— 15 


+ 8 


— 23 


— 59 


— 26 


+171 


Mbarara 


72 


-1- 86 


+ 28 


+ 168 


+ 57 


— 8 


+ 20 


+ 17 


105 


+ 14 


—102 


—121 


— 18 


Fort Portal (Torn)... 


— 31 


4- 68 


+ 14 


— 22 


— 81 


— 30 


— 71 


+ 5 


+101 


— 8 


— 39 


— 24 


—118 


Wadelai 


— 20 


-f- 55 


+ 1J> 


— 20 


— 34 


+ 46 


• • • 


... 


• • • 


• • • 


• • • 


... 


• • • 


Oondokoro 


+ 4 


+ 51 


+ 70 


+ 5 


— 27 


— 35 


+ 62 


+ o.> 


+ 22 


+ 85 


— 15 


— 12 


+^S5 


Mongalla 





-h 55 


— 9 


— 29 


— 5 


— 8 


+ 117 


— 78 


— 44 


— 6 


— 27 


3 


— 87 


Qhaba Khambe 





-h 79 


+ 11 


— 3 


— 4 


+ 7 


+ 78 


+ 61 


+ 15 


+ 106 


6 





+834 


Doleib Hilla 





-h 48 


— 14 


— 9 


— 28 


+ 34 


— 9 


__^ f 


32 


— 42 


26 





— 85 


El Obeid 








— 4 





+ 2 


+ 77 


+ 1« 


— 33 


+ 50 


+ 22 








+ 180 


Kodok 





+ 8 


— 1 


+ 17 


+ 9 


+ 56 


+ 88 


-32 


-33 


1 


+ 22 





+188 


EI Dueim 








+ 24 





+ 25 


+ 26 


+ 48 


+ 131 


+ 30 


+ 40 








+324 


Khartoum (Hospital). 














— 4 


— 18 


+ 58 


+ 54 


+ 12 


+ 2 








+ 104 


Addis Abbaba 





-hl08 


+ 84 


+ 18 


— 18 


— 14 


+ 75 


+ 6<> 


— 42 


+ 2 


+ 15 


— 3 


+291 


Roseires 








+ 4 


+ 1 


— 11 


+ 50 


— 38 


+ 25 


+ 23 


— 10 


— 7 





+ ^ 


Gallabat 





+ 7 


+ 11 


+ 1 


— 13 


+ 6 


+ 12 


— 1 


+ 37 


+ 47 


— 4 





+^S 


Gedaref 





+ 1 


+ y 





— 24 


+ 3 


i) 


+ 110 


— 4 


+ y 


— 10 





+ 89 


Khashm el Girba ... 


« • • 


• • • 


• • • 


• • • 


• • • 


+ 8 


+ 116 


+ 46 


28 


+ 8 


• • » 


• • • 


• • ■ 


Wad Medani 














— 20 


r-22 


— 4 


— 13 


— 23 


+ 48 


— 2 





— 28 


Chenefena 


• • • 


• • • 





+ 1 


— 34 


— 3 


45 


— 69 


— 19 


— 2 


+ 55 





• • • 


Addi Ugri 





— 1 


— 12 


+ 1 


— 34 


+ 7 


— 16 


3 


— 3 





+ 7 


4 


— 58 


Kassala 





+ 7 





— 1 


— 6 


— 10 


+ 7 


— 18 


— 23 


+ 31 








— 13 


AQen 


— 11 


-f 20 


— 15 


5 


— 4 


— 3 


— 1 


— 2 


— 3 





— 3 


— 2 


— 29 


Ghinda 


— 32 


— 39 


— 72 


— 12 


— 9 


— 6 


• • • 


• • ■ 


— 12 


2 


+ 26 


— 73 


• • • 


Suakin 


— 4 


— i 


— 1 


— 1 


— 1 





— 3 








— 37 


+ 2 


— 28 


— 80 


c«i«> 1 Abb..«ia ::: 


— 1 

— 7 


3 
— 4 



— 3 


— 2 

— 2 


+ 5 
+ 3 


















+ 4 
+ 8 


+ 1 
— 4 


— 4 
7 



— 16 


Suez 


+ 1 


— 3 


— 2 


— 2 


— 1 


+ 5 














— 1 


4 


7 


Ismailia 


— 4 


— 5 


— 2 


3 


+ 36 














— 2 


— 5 


— 11 


+ 4 


Port Said 


+ 3 


— 3 


— 1 





+ 5 














— 1 


— 12 


— 21 


— 80 


Alexandria 


— 27 


+ 12 


— 10 





+ 8 











— 2 


+ 11 


+ 26 


— 32 


— 14 



* Stations having at least 4 years* obdervations. 



Difference of Rainfall of 1906 firom the Mean as Percentage 
of the Mean Rainfall. 



STATIONS. • 


.J. 


% 












% 


1 


i 


1 


1 


i-KAB. 
































1 


I 


B 


< 


S3 


■? 


§ 


< 


t 


t 


^Z 


1 




UauritiuK 


~ 


— 32 


+ 12 


_,„; 


+ 28 


- 13 


+ 134 


-?' 


+ se 


+ 112 


— GS 


- 11 


— 8 


Seychelles 


+ H 




+ 12 


+ lil2 


— w 




+ II 




— Bl 




— 32 




— fi 






— (HI 


~i.b 


— Ml 


— «H 


— S5 


-OS 


— 33 


-100 


+ rr 


+ Dl 


— 7 


— 2H 


DBT-efl-Salaui '.'.'. '.'.'. 


+ 24 


+1S8 


+11)2 


+ 1« 


+ 22 


+ IS 


— 81 


-87 


— 3S 


— IS 


— uy 


+ 17 


+ 22 


Kilowft 


— 8li 


— 81 


— aa 


-SI 


— 73 


+171 


— 78 


-S3 


— rfS 










te" ::: 






+ GO 


+ 49 


—100 










"0 


— 50 


+ -t 




— 'ill 




+ «' 


+ 3r, 


—100 


-io-j 






—ioo 


+3)8 


— 50 






[jjiji 


— 27 




+ a.-. 




— 07 


—100 






+ n 


+m 








ranp. 


+ TO 




+ 28 


+ 110 


■*- .■» 


+15N 


— 23 


— o7 


-*s 




+ le 


+*28 


+ 41 


EtiMibar 


+ if« 


--am 


+ «4 


+ 114 


+ 43 


+i8^ 


— Tli 


— 71 


— 40 


+ 83 


- 17 


+36ii 


+ 69 




+ St 




+ IS. 


-+177 


+ -11 


+ Ili2 


— 40 


— 82 


— 55 


— 71 


— 28 


+250 


+ 54 


rakmnga 


— TO 


.■S29 


+ ei 


+ 2) 


+ IH 


+111 


— 11 


— 57 


— 47 


— i:, 


— 35 


+S03 


+ 32 


Maliodi 


+ 50 


■- V7 


+ 32 




+ Uti 


+ 113 


-42 


-33 


-46 


— B« 


+ 3 


-100 


+ 42 


KiBiwiyu 


~m 


—100 


+ 'r 


-1-395 


-1- 67 


+ I5M 


+ 6W 


— 7S 


-IOO 


-m 


— 42 


-too 


+ 88 


Shinioni 


+ " 


H-fJo 


— 31 


-1- (13 


+ IH 


+ 82 




— 63 


+ H 


— IS 


— IH 


+ 43 


+ 19 


Uadmkos 


—100 


+ T7 


-1-73 


+ U2 







— iW 


+340 


-100 


+ 31 


— 32 




+ 28 


Nairobi (Qott Farm). 


+ J 


+ 2 


+ 1(12 


+ 31 


— Ifi 


— 2(i 


+ io 


+ 135 


+ 40 


+ 127 


— 23 


— 54 


+ 34 


—lOV 


+ l<i 


+ M\ 




— 3S 




-IS 




— 71 


+ IH 


-2fi 


— s-i 




Kiknyu 


-i2 


+ !H 


+ 7.-. 


+ .12 


— 44 


— 211 


— S3 


-47 


— 81 


+ 13 


— 32 




+ 13 


EUUnut Ravine ... 


-100 


+1.H) 


+ 127 


+ 57 


+ 3S 


+ 47 


+ 41 


+ 43 






+ 14 


— 87 


+ 46 






+ 72 


+ 41 


+ »J 




-41 


— 70f^ 




+ 59 


+ fi 


— 11 






Bhirati '.'.! '.'.. 


- fill 


+117 


+107 


— 13 


+ 40 


+ 10 


-OS 


— 3S 


-SI 




-55 






Bjikoba 


+ ai 


- Ifi 


+ 32 


— 22 


— 53 


-H59 


—100 


+ 18 


+ 133 










Kiwinu 


— ya 


+ 14.-. 


+ 122 


+ 31 


+ *5 


+ M4 


— so 


+ 12S 


— 27 


+"iij 


—"70 


+"ii 


+■"38 


Port Florente 


-ao 


+ir.4 


+ 73 


+ H 


— 2i 


+ a^ 


-13 


+ 73 




-20 


— 1« 




+ 23 


Mumias 




+112 


+ 32 


+ 1" 


+ 11! 




— 78 


+ H 


— 4 


— 2 


-IB 


— 21 


- 3 


Jinjn 


— il3 


+ Hi 


-i-ve 


+ 1ft 


— 24 


+ ?J 


— 5-i 


+ 27 


+ 


+ 7 




— la 


+ a 


Entebbe 




+ ;-(« 


- IG 


+ M 


— 27 




— :i8 


+ ■!!) 


— 21 


+ 31 


— 64 


— ly 


- 2 




_H2 


+ 4' 


+-3C 




■+- ly 


+ 1H4 


+I«i 


— 21* 


+ ' 




— 152 


— 21 


+ la 


Ubvara 


— 7H 


+ 77 


+ 10 


+IOS 


+ iji 


-Si 


+ n 


+ 13 


— 117 


+ 1 


— 43 


— 70 




Fort PurtalfToru)... 


-91 


+ S4 




In 








+ 4 


+ 52 




— 2a 


— 41 


— 8 


Wadelai ..: ...... 


— S3 


+/W 


+ 11 


— 21 


— 2!l 


+ 4y 
















Qondokoro 


+ SO 


-l-£0» 


+ UJ1 


+ '' 




" 3:-i 


+"« 


+'3U 


+*'i* 


+"(io 


— 'jj 


—ioo 


+""25 


Mongslla 




+J" 


— IH 


-2« 


— 


— 11 


+105 


— .W 


— 45 


— 4 


— 77 




— 4 


Qhaba Sambe 





+m 


+m 


-J* 




+ 111 


+ 62 


+ 40 


+ 1' 


+ 132 


—700 




— 50 


Doldb Hilla 





+S00 


-14 


-3S 


— 3(i 


+ 2.1 


— U 




Z26 


— in 


— S7 





— 11 


m Obeid 




« 


—100 





+700 


t'f, 


+ 11 


-M 


+ 88 


+ 9S 







+ 37 


Kodok 




+J0; 


— 50 


+10B 


+ 1(1 


+ 73 


— I.-1 


- 32 




+367 




+ 18 


El Dueim 







f*» 





+m 


+JSS 


+ se 


+ 151 


+ 67 


+£67 







+ 115 


Khartoum (HoBpitnl) 











-m 


— SS 


+;si 


+ISi 


+100 


+ I*' 






+ «5 


AddiB AbbabaT. .' 





+?2i 


+ 80 


+ 21 


— 23 


— 1*1 


+ 25 




— 211 


+ 14 


+115 


-100 


+ 23 


BoB^m 






+100 


+J00 


— 2i 


+ 35 


- 17 


+ li 


+ !■• 


-^ 


— 7S 







Ballabat 





+irj3 


+-«B0 


\-100 


— 32 


-t- s 


+ f. 


- 


+ 24 


+ fiS 


—IOO 





+ 12 


□fldarer 




Eiceii 


+ SS 





— se 


+ 4 


- 3 


+ 5« 


— 4 


+ OS 


— 83 





+ 15 


Kfaaahm el Qirba ... 












+ *) 


+ 83 


+ 38 


-56 


+ 36 








Wad Hnlani 




■ "o 




"'o 


—ioo 


-51 


+ 3 


— lU 


— 30 


+369 


—ioo 


"0 


— " 7 


Hienrfena 








+ 17 


— 97 




— 47 




— 63 


— 33 


flOO 







AddiUgri 


"o 


— 'Vr 


—100 


+ fi 


— HII 


+ 10 


— 10 


— 2 


- S 





+ 70 


—100 




KaaMla 




f700 




— I(W 


—100 


— 45 


+ 10 


— 17 


— 3li 


+13i 






— 4 


Aden 


—100 


1286 


-100 


—100 


—100 


-100 


-100 


-87 


-100 




—IOO 


— 87 


— 50 


Qhinda 


— 4S 


— 3M 


— 7U 


— SO 


— -flS 


—100 






—100 


— B 


+ 36 


—100 




SmUd 


— IS 


— 7S 


—100 


—100 


-too 





—iijo 







—IOO 


+ 2 


— sr 


— '37 


■"-"ISSUi. ::: 


-33 


— 15 

— m 




-7i 


—100 
—100 


+500 
+150 







Ji 




ts 


EICUS 

—100 


-100 

—IOO 


— 4S 


Sue* ... 


+ 14 


—100 


-100 


-100 


—100 


ElCUS 












-too 


—IOO 


— 35 


[amailia 


— ■10 


— S3 


— 33 


-100 


+7S0 














—100 


—100 


—100 


+ J-' 


Port Said 


+ l-l 


— jj 


— 10 





+300 
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—IOC 


— PJ 


— 37 




— iC 


+ J9 


— as 
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+IMO 










—100 


+7JS 




— 51 


— 6 
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CHAPTER IV. 

The Nile Flood of 1906. 

For seven years past the annual flood has been persistently below 
the average, so that the occurrence o£ even the moderate improvement 
of this year is of special interest ; the existence of numerous gauges on 
the Blue Nile makes its study of additional value, and enables us to 
follow its development with greater accuracy than hitherto, since nearly 
all of them have now been connected by levelling as already mentioned. 

In discussing the rise and fall of the river flood, we meet with the 
same difficulty as has been pointed out when dealing with the rainfall 
of the Nile Basin ; namely, that there is a considerable difference in the 
dates of the lowest and of the highest waterlevel in different parts of 
river system. The water brought down by a tributary affects that of 
the channel which it joins, and in this way flood-waves in the upper 
part of the system may die out, or may pass on after more or less 
modification. 

It is difficult, therefore, to present clearly the development of the 
flood, as the passage of the water from the catchment basins to the 
lower reaches of the river is at first slow, then it becomes rapid, and 
after reaching the maximum gradually decreases ; still, in May low 
stage conditions predominate on the whole, June sees the first rise, 
which becomes rapid from July 1 to August 15, while the next 30 days 
include the top of the flood, except in the Sobat and the more southerly 
tributaries, where the rains extend into September and October as they 
are withdrawing from Abyssinia and the Sudan plains. 

The low stage. — At the end of October 1905, there was every pros- 
pect of a very insufficient summer supply in the Nile, since the summer 
rains of Abyssinia had been weak and ill-sustained ; but heavy rain- 
storms over Abyssinia in November improved matters considerably. 

Difference from Mean Gauge Reading in metres. 



KOTBHBBR, 1905. 


1-5 


»-10 


11-15 


l»-20 


21-25 


26-80 


Roseires 

Elhartoum 

Wadi Haifa 


-0-34 
-0-32 
-1-36 


-0-06 
-0-21 
-1-15 


+0-11 
-0-11 
-1-08 


+0-1C 
-0-02 
-1-01 


+0-23 
+0-02 
-0-98 


+0-39 

0-00 

-0-88 


Deoembeb, 1905. 


1-5 


6-10 


11-15 


16-20 


21-25 


26-31 


Roseires 

Khartotim 

Wadi Haifa 


+0-42 
+0-05 
-0-75 


+0-38 
+0-09 
-0-74 


+0-33 
+0-13 
-0-71 


+0-33 
+0-08 
-0-C2 


+0-25 
+0-04 
-0-58 


+0-24 
+0-06 
-0-59 
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It will be seen from the above table that at the end of 1905 the river 
levels were below the average, but not excessively so. In February, 
and again in March, the cyclonic depressions which passed over the 
Sudan and Abyssinia causing heavy rainfall, as already mentioned, 
raised the river levels everywhere and converted a moderate deficiency 
into a well-marked excess, which lasted long enough to provide easy 
conditions of supply during the early summer months. 

The amount of rain which fell in February must have been very 
large judging from the marked effect which it had on all the rivers in 
these areas. 

The Blue Nile rose 68 cm. at Roseires and 33 cm. at Khartoum ; 
the Sobat rose 50 cm. at Tawfot (Nasser) and 32 cm. at Doleib Hilla. 
The Bahr el Jebel rose 19 cm. at Mongalla but the rise was hardly felt 
at Bor and at Ghaba Shambe the level increased by 3 cm. 

On the Bahr el Jebel the level fell steadily from the beginning of 
the month until the 16tli when the rainstorm passed over this region 
and raised the. river level by 30 cm. between then and the 22nd at 
Mongalla. 

This rise was as usual imperceptible at Bor 134 kilometres further 
down-stream, but at Ghaba Shambe, 197 kilometres more to the north, 
rain must have fallen on the Bahr el Zaraf marshes as a slight rise took 
place. 

On the Sobat a slight rise is shown by the gauges at both Tawfot 
(Nasser) and Doleib Hilla about the middle of the month. 

On the Blue Nile the water level at Roseires rose from 11*53 metres 
on the 11th Feb. to 12*33 metres on the 25th Feb. and 12-64 metres 
on the 29th March after which it fell. This rise markedly affected all 
the Blue Nile gauges, and produced a total rise of 0'19 metres at 
Khartoum during the first week of April ; this coming soon after the 
February rise which reached Khartoum on March 1-10 has checked the 
normal fall of the river and has furnished a very considerable volume 
of water, so that the very low summer levels which were to be antici- 
pated from the poor flood and moderate September and October rains 
of 1905, were replaced by fairly good ones as a result of (1) the heavy 
rains at the end of November, (2) those of February and (3) those of 
March ; a wholly unexpected result produced by meteorological conditions 
which occur occasionallv. 

The effect will be seen from the following tables in which the diffe- 
rences from the mean gauge-readings are given in metres. 
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ROSEIRES. 



Khartoum. 



Wadi Halfa. 



Date. 


February. 


March. 


April. 




m. 


m. 


m. 


1- 5 


+0-57 


+ 1-27 


+ 1-37 


6-10 


+0-57 


+1-01 


+ 1-10 


11-15 


+0-66 


+0-84 


+0-98 


16-20 


+0-84 


+0-96 


+0-69 


21-25 


+ 1-28 


+ 1-33 


+0-63 


26-30 


+ 1-58 


+ 1-78 


+ 1-11 



Date. 


March. 


April. 


May. 


- 


m. 


m. 


m. 


1- 5 


+0-31 


+0-58 


+0-30 


6-10 


+0-50 


+0*76 


+0-33 


11-15 


+0-55 


+0-60 


+0"27 


16-20 


+0-50 


+0-52 


+0-17 


21-25 


+0-45 


+0-37 


+0-09 


26-30 


+0-52 


+0-31 


-0-18 



Date. 


March. 


April. 


May. 




m. 


m. 


m. 


1- 5 


-0-55 


-0-25 


-0-06 


6-10 


-0-55 


-0-29 


-0-12 


11-15 


-0-56 


-0-25 


-0-10 


16-20 


-0-48 


-0-20 


-0-26 


21-25 


-0-37 


-0-07 


-0-22 


26-30 


-0-24 


+0-03 


-0-21 



On May Ist the Blue Nile at Roseires stood at 1*1 3 metres above 
its average level as deduced from readings in 1900-1905, while at 
Wadi Haifa the level was 0*01 metre below the mean of 1890-1905. 
This high level was solely due to these exceptional rainstorms, since 
the monsoon rains from the south had not yet affected the Sobat river 
which continued to fall slowly up to May 1 at Doleib Hilla, although 
usually slight rises are caused in April by the first rains on the Abys- 
sinian tableland. 
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The early and abnormal rains of February and March raised the 
level of the Blue Nile considerably and thus converted what would 
have been a very low summer supply into a fairly good one. On the 
Bahr el Jebel at Gondokoro and Mongalla, the effect was to raise the 
level for the last 10 days of February and of March up to that of the 
beginning of January, and to maintain this level throughout April and 
May until the heavy rains commenced in June. On the Sobat, the 
river rose in February and again in March, and maxima were recorded 
on the following dates, (see Plate V). 



Place. 


Date 
of maximum. 


Distance 
in km. 


Rate of 

wave crest 

per day. 


Gftmbela to 
Doleib HUla, 


v^alll DGia> ••• ••• ••• ••• 

xaw^roL ••• •■• ••• ■•• 
Doleib Hilla 


16 February ... 

26 „ 

5 March 


• * • 

260 
244 


km. 

... 

26 
35 


dATS. 

• • • 

19 

• a • 


Gambela 

A. a w^ro L ••• •■• ••• ••■ 

Doleib Hilla 


24 March 

^O 9y ... • . • 

2 April 


• • • 

260 
244 


• • • 

65 
49 


... 

9 

... 



On the Jur River at Wau these early rises were very marked 
(Plate VI) but did not affect the Bahr el Ghazal at Meshra el Rek. 
On the Blue Nile we have (Plate VII) the same two rises in February 
and March together with another at the end of April at Roseires, after 
each of which the river level sank below its former level showing that 
the monsoon rains had not yet set in. The April rainfall did not 
affect the Sobat basin (Plate V). The flood waves due to these 
rainstorms are traceable as far as Wadi Haifa on the gauge curves 
(Plate VIII) and the dates of the arrival of the wave crest at different 
places are given in the following table. To these are added the rates 
of movement of other flood waves during the period of flood for 
comparison. As gauge readings are taken at 8 a.m. only, it is not 
possible to fix the time of their arrival at any point with precision, 
and consequently as soon as the velocity increases with the rising 
flood, the rate of movement of the wave deduced from gauge-readings 
at neighbouring stations is quite uncertaui, and only that which 
is derived from long distances can be in any degree reliable. The time 
taken by such flood waves to pass from Roseires to Wadi Haifa, a 
distance of about 2,170 kilometres, in which the river falls about 
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325 metres, varies therefore from 30 days when the river is low, to 
9 days just before the highest level of the year is reached, corresponding 
to mean velocities of 72 and 240 kilometres per day or 3 and 10 
kilometres per hour respectively ; when that level is attained, the velo- 
city decreases somewhat and the wave which produced the highest 
flood readings took 12 davs to traverse the distance. 

TABLE IX. 



Place. 



Roseires 
Sennar 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 



Date 
uf maximum. 



25 February 
3 March 
5 
9 

13 

27 






Distance 
in km. 



287 
]4G 
206 
365 
1,165 



Rate 

of movement 

of crest 

per day. 



km. 




Roseires to 
Wadi Haifa. 



days. 






30 



Roseires 
Sennar 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 



28 March 
1 April 
4 
6 

12 

24 



5> 



5^ 



»9 



287 
146 
206 
365 
1,165 



... 




72) 


"« 


49 [ 71 




103) 




l\>^ 



27 



Roseires 
Sennar 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 



28 April , 






2 


May , 






4 


)) 






7 


51 






11 


55 " 






23 


55 







287 
146 
206 
365 
1,165 




25 



Roseires 
Sennar 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 



15 June 
18 
20 
23 
27 
9 July 



55 



5? 



55 



55 



287 
146 
206 
365 
1,165 




24 



Roseires ... 
Sennar ... 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 



55 



8 July 
10 
11 
13 
17 
27 



55 
55 
55 
55 



287 
146 
206 
365 
1,165 



. • . 




144) 


^ 


146 \ 128 




1031 


»- 


ne} i^»9 


^ 



19 
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TABLE IX (corUinued). 



Place. 



Roseires 
Sennar 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 



Roseires 
Sennar 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 



Date 
ot maximum. 



31 July 

1 August 

2 

4 

5 
12 



. . . . . • 



99 
55 



Distance 
in km. 



287 
146 
20() 
365 
1,165 



Rate of 
movement of 
crest per day. 



8 August 

9 

10 
12 
14 
18 



99 



99 



99 



9^ 



'9 



287 
146 
206 
365 
1,165 



km. 



287) 

146^ 160 
103) 

365 1 219 
192 1 "^^^ 



287) 

146 [ 160 
103) 

1^2 I 255 
291 ) ^^^ 



Roseires to 
Wadi Haifa. 



days. 



y 13 



y 



10 



Roseires 
Sennar ... 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 





16 August 




17 „ 




18 „ 




19 „ 




21 „ 




26 



287 
146 
206 
365 
1,165 



287) 

146 [ 212 
206) 
182 
233 



h 



204 



V 10 



Roseires 
Sennar 
Wad Medani 
Khartoum*... 
Berber 
Wadi Haifa 





22 August 






23 „ 






24 






25 






27 






31 





287 
146 
206 
365 
1,165 



287) 

146 y 212 
206) 
182 
291 



255 



Roseires 
Sennar 
Wad Medani 
Khartoum ... 
Berber 
Wadi Haifa 



31 August 

1 Sept. 

2 

3 

5 
13 



99 



99 



99 



99 



287 
146 
206 
365 
1,165 



287) 

146 y 212 
206) 



182) 
169) 



170 



13 



These rates agree well with those deduced from observations on the 
flood of 1902,* and of 1903.t 

The level of Lake Victoria was about the average of the last 10 years 
at the end of 1905, in which year neither the spring nor the autumn 
rains had been heavy enough to prevent the lake level from falling from 
the comparatively high level of May 1904. Still in November an 
improvement began, which was continued with but a slight check in 



•" Eeport of Public Works Ministry" Egypt, 1902, Cairo, 1903, p. 184. 
t " Geog. Jour." 190S, Sept., p. 270. 
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January 1906 until May and June. The exceptionally heavy rainfall of 
April and May which fell on the lake plate this year caused a higher 
level than has been attained of late years, as shown in the following 
table, while the curves plotted from the daily gauge readings are given 
in Plate III. 

A few years ago this high lake-level would have been understood to 
involving high flood levels in the Nile, but we now know that Lake 
Choga and the low-lying marsh area to the north of Lake Victoria 
reduces the rise of the Victoria Nile between Mruli and Foweira to 
within very small limits. This year the level at Mruli only rose 
0*5 metre between January and the middle of April in spite of the excep- 
tionally heavy rainfall, an amount less than the rise of the lake itself in 
the same period. 



TABLE X. — Victoria Lake Level readings at Kisumuen. 





Mean.* 


Maximum.* 


Minimum.* 


Mean Level * 
January. 


Change.t 




m. 


m. 


m. 


m. 


mm 


1896 


0-928 


1-14 


0-67 


1-10 




1897 


• • • 


• • • 


f 
. • • 


0-86 


—240 


1898 


• • ■ 


• • • 


... . . 


... 


• . • 


1899 


0-733 


1-09 


0-30 


0-95 


+ 90 § 


1900 


0-391 


0-67 


-0-02 


0-45 


-500 


1901 


0-508 


1-05 


0-16 


0-32 


-130 


1902 


0-172 


0-44 


-0-02 


0-18 


-140 


1903 


0-742 


1-05 


0-24 


0-37 


+ 190 


1904 


0-917 


1-38 


0-66 


0-85 


+480 


1905 


0-696 


1-00 


0-39 


0-73 


-120 


1906 


1-074 


1-43 


0-57 


0-72 


- 10 



Bahr el Jebel and Bahr el Ghazal basins. — Since the marshy valleys 
of these rivers in their lower reaches take up all the extra water which 
is brougrht down from the moonson rainfall Mav-October in their 
higher reaches, the effective discharge, upstream of the Sobat, only 
varies within narrow limits throughout the year, and consequently their 
discharge plays no part in the flood phenomena of the Nile. It will be 
therefore more convenient to notice their whole cycle of flood range here 
than to return to it when describing the flood of the main river later. 



•These values differ by 65 cm. from the values communicated to Irrigation offices in Egypt 

since for these latter the lake level at Kisumu Dec. 31 st. 1903 was taken to be 1*50. m. 
t i. e, difference between mean level in January of eiwh year. 
X Incomplete. 
§ From January 1897 to January 1899. 
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The level of the Bahr el Jebel at Grondokoro and Mongalla remained 
almost steady during April and May after the improvement caused by 
the storms of February and March. The heavy rains set in early in 
June, and occasioned three marked rises, one during the end of June 
and the first half of July, one early in August, and a third, the most 
marked, which began in the latter part of August and lasted for a 
month. The Ghaba Shambe gauge shows signs of a similar variation 
of the rainfall having reached as far as that place, although at Bor, 
134 kilometres north of Mongalla, hardly any variation of level is to 
be recognized. 

The gauge readings at Wadelai were irregular in February and 
March, but after that date they agree well with those of Butiaba on the 
Albert Lake, which rose steadily from a minimum in March to a maximum 
in December, the total range being • 64 metre. This year, gauge 
readings are available from Wau on the Jur River 255 kilometres 
above its junction with the Bahr el Ghazal and 295 from Meshra el Rek 
itself, which are most instructive. Besides the three early storms in 
February, March and May, of which the first two are probably unusual, 
the heavy rains set in about the third week in June, and continued 
until October. The same three groups of rises in July, August and 
September are shown (Plate V) as occur on the Bahr el Jebel together 
with another in October. 

The first rise. — On the Sobat the level began to rise at Gambela and 
at Tawfot in the last few days of April, and at Doleib Hilla on May 6 
after which dates the river rose steadily throughout the month. 

On the White Nile the level rose slightly in the early days of the 
month at Taufikia, and from May 29th at Geteina, in consequence of 
the flood of the Sobat arriving. This wave which caused the first .rise 
took 18 days to travel from Taufikia to Geteina along the wide shallow 
bed of the White Nile where the slope is extremely low. 

On the Blue Nile a temporary rise of 0*6 metre occurred at Roseires 
in the last 10 days of April, but this only caused a temporary rise of the 
river at Khartoum, and did not check the regular fall. The true rise 
commenced at Roseires on May 15, at Khartoum on May 27, and 
at Wadi Haifa on June 13, these dates were respectively 13, 16, 
and 9 days later than the average. 

The Sobat and the White Nile rose normally and caU for no special 
mention. 

In June the rise proceeded regularly on the Blue Nile, one marked 
wave at Roseires on the 15th affecting the gauges as far as Wadi Haifa. 
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771^ rapid rise. — The Sobat reached a first maximum at Gambela 
on July 22, after which it fell about half a metre, rising for a day 
to its original level on August 15 and again falling. These changes 
had, however, no effect on the level at Doleib Hilla, which rose steadily 
and continuously. Readings at Tawfot near Nasser ceased on July 15 
while the river was still rising. 

The increased number of gauges on the White Nile this year enable 
the holding up of its water by the Blue Nile flood to be well seen, and 
on three of them it is recorded : — 



Place. 



V7t?uvlilcl< ••■ ••• ••• ••• ■•■ 

^J U\?1U ••■ ••• ••• ••• ••• ••• 

Gk>zAbuGama 



Dates of Blae Nile effect 



from 



July 6 

July 10 

July 18 



to 



November 10 



» 



u 



Distance from 
Khartoum in kilom. 



96 
200 
320 



Renk, 175 kilometres higher upstream, was not affected. 

There is no doubt that rise of the water level at Meshra er Rek is 
mainly due to a similar effect of the Sobat flood on the long reach of 
feeble slope from this point to Taufikia. It will be seen on Plate V 
that the Meshra er Rek gauge curve shows no sign of the successive 
flood waves at Wau 255 kilometres upstream on the Jur which joins 
the Bahr el Ghazal 40 kilometres below Meshra er Rek ; the level here 
rises parallel to the Taufikia gauge curve. 

The Blue Nile at Roseires rose 5 metres during July very regularly, 
and without any marked fluctuation ; the level was slightly above that 
of the last 6 years. At Khartx3um the level reached the mean of the 
same period on July 9, and afterwards kept slightly above it until 
August 8, when it again touched it. 

In August the level at Roseires fluctuated as successive flood waves 
of from 1*5 to 2 metres range passed down, but at Khartoum these 
had flattened out about 0*2 or 0'3 metre and the level was just above 
the mean of 1900-1905. 

The Atbara at Khashm el Girba rose markedly at the end of July 
and the early part of August, so that at Wadi HaKa the level reached 
the mean of the 15 years 1890-1904 in August, but did not exceed it 
until the end of the month. 



* Observations not reliable. 
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The general level o£ the Nile at the principal stations is given in the 
following table : — 

5 — Day differences from mean (in metres). 



July, 1906 



Taufikia .. 
Roseires .. 

Khartoum 

Khashm el Girba ... 

Berber 

Wadi Haifa 



• • • • • • 



• • • • • • 



1-6 



— 0-14 
+0-39 
—0-47 
— O'lO 
—0-49 
— 0-71 



6>10 



— 0*16 
+0-79 
— 0-17 
+0-38 
— 0-51 
—0-78 



11-15 



— 0'21 
+0-48 
-I-0-30 
— ()-13 
-hO-0.j 
—0-90 



16-20 



—0-26 
+0-31 
-fO-27 
—0-35 
4-0-23 
— 1-07 



21-25 



— 0-25 
-f0-6o 
-I-0-16 
-fO-08 
-fO-16 
—0-63 



26-81 



— 0-27 
-f]'23 
+0 20 
-I-0-38 
-I-0-26 
—0-72 



Aug. 
1-5 



—0-27 
-fO-74 
+0-47 
+0-07 
-I-0-61 
—0-74 



6-10 



—0-28 
-fO-52 
-fO-14 
+0-64 
-I-0-36 
-0-38 



11-16 



—0-29 
+0*21 
-fO-20 
-fO-53 
+0-38 
—0-18 



At this time of year, so far as present knowledge goes, meteorolo- 
gical data from the Nile Valley and from the eqnatorial region afford 
little information as to the conditions on the Abyssinian tableland, 
while from this region itself data are most meagre. We are therefore 
compelled to compare the river stage with that of past years. 

From these we see that the level at Aswan was below the average 
1-5 August in 18 years, but in only three of these (1891, 1893, 1898) 
was the flood up to or above the average. In 10 years the level 
remained below the average till 6-10 August and in all these the flood 
was below the average. 

The critical period may be said to be the first 10 days of August, 
as the volume of the flood depends on the level attained by the Blue 
Nile at say, Roseires, being maintained for sufficient time in August. 
In 1903 the river on August 12 ro&e to a gauge reading of 20*8 
metres and then fell slowly throughout the month. In 1904 it rose 
to 20'5 metres on July 31, then fell abruptly, 18*5 metres being mean 
for August in that year. 

On the ground of this and other information the prediction was 
made at the beginning of August that the flood would be near the 
average, and that no grounds existed for expecting that it would 
exceed it to any extent. 

The general character of this period of six weeks 1 July-15 August 
was that the supply, which was below the average at first, improved 
rapidly towards the end. 

The top of the flood. — An just 15- September 15. — Four rises at 
Roseires with intervening falls took place during this period, and in 
the third the highest level of the year, 21*10 metres, or lO'Oo metres 
above the lowest reading of 11 '05 metres was reached. 

At Khartoum a series of small oscillations of 0*25 to O'oO metre led 
up to the maximum of 16*51 metres on September 14, ten days 
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after the average date. The oscillations seen in the Khartoum gauge 
curve are apparently flattened out before the flood -waves reach Berber, 
as there each rise and fall can be identified with those of the Khashm 
el Girba gauge on the Atbara River. 

The Atbara rose twice markedly in this period, and reached its 
highest level at Khashm el Girba on August 26, that of Berber on 
the 28th corresponding to it, but this was exceeded by the readings of 
September 8 and 11 to 14, due to a flood- wave from Khartoum. 

The water-level at Wadi Haifa first exceeded the mean of 15 years 
on the 10th, 18th and 29th of August and again on September 9, 
while the highest reading of the year, 8*19 metres or 0*03 metre above 
the mean maximum, was recorded on September 14. 

On comparing the Wadi Haifa gauge curve for 1906 with the mean 
curve 1890-1905, the flood will be seen to have been on the whole 
slightly below the average, but a rapid increase in the Abyssinian 
rainfall at the end of August caused the highest reading to exceed 
the mean. 

The fall of the flood. — After September 9 the Blue Nile fell rapidly 
at Roseires though four or five small flood-waves slightly checked it, 
and the level remained just above the mean of the last 5 years. At 
Khartoum the same took place, while the water-level at Wadi Haifa 
reached the mean value of the last 16 years on October 5 and fell 
below it on October 27. In November the fall was very rapid and 
during the second half of the month the level was 0'80 below the 
average, but a flood wave in this month checked the fall and caused 
but a moderate defect in December. 



5. Day 


DIFFERENCES FROM 


THE MEAN IN METRES. 




October, ]90G 


1-5 


6-10 


11-15 


16-20 


21-25 


26-31 


Wadi Haifa . 

Khartoum 

Roseires 


+ 0-22 
+0-49 
+0-96 


-0-10 
+0-74 

+ro8 


-0.12 

+0-84 
+0-52 


-0-05 
+0-64 
+0-24 


-0-14 
+0-52 
+0-41 


-0-24 
4-0-42 
+0-29 


November, 1906 


1-5 


6-10 


11-15 


16-20 


21-25 


26-30 


Wadi Haifa 

Khartoum 

Roseires 


-0-39 

+0-3;^ 

+ •022 


-0-95 
+0-28 
+0-19 


-0-99 
+0-26 
+0-42 


-1-03 
+0-34 
+0-64 


-0*98 
+0-39 
+0-52 


-0-89 
-hO-33 
+0-38 


December, 1906 


1-5 


6-10 


11-15 


16-20 


21-25 


26-31 


Wadi Haifa 

Khartoum 

x^osexres ••• ••• ... 


-0-76 
+0-29 
+0-32 


-0-66 
+0-31 
-I-0-31 


-0-59 
+0-28 
+0-30 

• 


-0-49 
+0-26 
+0-34 


-0-43 
+0-28 
+0-29 


-0-38 
+0-32 
+0-28 
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The White Nile at Geteina and Dueim fell rapidly from the middle 
of September as the level of the Blue Nile at Khartoum decreased 
but it was not until the first week in September that the effect of the 
latter ceased. At Kenk and the gauges to the south of it, viz., Melut, 
Kodok, and Taufikia, the rise continued slowly until November and 
in December the fall began as the volume discharged by the Sobat 
diminished. The gauge at Attigo and that at Meshra er Rek followed 
the same course, and the latter not only was unaffected by the maxima 
which occurred in the Jur River at Wau in August, September, and 
October, but did not commence to fall until the end of December where 
as the Jur River at Wau had been falling since November 11 and had 
fallen 3*5 metres since that date. It is possible that a sadd-block which 
occurred in the Bahr el Ghazal may have assisted to maintain the level 
at Meshra er Rek, but there is no marked increase of level at Meshra 
er Rek to show that it was interfering with the passage downstream 
of any considerable supply of water. 

The Sobat as usual fell rapidly after the end of September at 
Gambela but the water from the flooded plains of the Pibor maintained 
the level in the Sobat imtil December. 



Volume of food. — The flood of 1906 may now be compared with 
that of previous years. 

The maximum readings were : — 



Place. 


Date. 


Mean Date. 


Reading 


Mean 
Reading 


Difference. 


No. of 

years 

in mean. 


Roseires 

Khartoum 

Khashm el Girba ... 

Berber 

Wadi Haifa 

^.s wan ... ... ... 


Sept. 1 

„ 14 

Aug. 26 

Sept. 8 

„ 14 

„ 20 


Aug. 21 
„ 31 

." 21 
Sept. 2 

„ 2 
„ 4 


m. 

21-10 
16-51 
15-30 
7-75 
8-19 
92-78 


m. 

20-21 
15-98 
U-98 
7-54 
8-16 
93-07 


m. 

+0-89 
+0-53 
+0-32 
+0-21 
+0-03 
-0-29 


7 
7 
4 
7 
17 
38 



The highest 5-day means were : — 



Place, 


Date. 


Mean Dat«. 


Reading 


Mean 
Reading 


Difference. 


No. of 

years 

in mean. 


Roseires 

Khartoum 

Khashm el Girba ... 

Berber 

Wadi Haifa 

Aswan 


Sept. 11-15 

„ 16-20 

Aug. 21-25 

Sept. 11-15 

„ 16-20 

„ 15-20 


Aug. 16-20 
Sept. 1-5 
Aug. 26-31 
Sept. 11-15 

,, 1-5 
„ 6-10 


m. 

20-26 
16-43 
14-40 
7-69 
8-14 
92-73 


m. 

18-67 
15-66 
14-01 
7-18 
7-94 
92-78 


m. 

+ 1-59 
+0-77 
+0-39 
+0.51 
+0-20 
-0-05 


6 
6 

3 
6 

15 
37 
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The comparison o£ the volume discharged is less reliable because at 
Khartoum alone has the volume been measured both during a rising 
and a falling flood, and here there is evidence of considerable variation 
in the channel section from year to year. 

The discharge carves from which the mean number of cubic metres 
discharged per second in each 5-day period are taken, are based on 
data which are of unequal value and insuflScient to furnish results of 
more than moderate accuracy. 



Gauge. 



No. of 
measurements. 



Khartoum ... • 



Wadi Haifa 

A^SWciU ... ... ... ... ... 



75 

34 

10 

2 

7 

123 

9 



I'l I 



67 



When taken. 



9- 5-02-15' 1-04 

13- 5-02-20- 1-04 
8-11-02-18- 7-03 

14-11-03- l*12-03 
6' 7-03-28-11-03 

14- 5.05-20- 8-05 
10-12-05-15- 9-06 

5-12-01- 6- 4-02 
17- 7-93-23- 9-93 



I 



Place. 



Khartoum. 
Dueim. 

Kerreri. 

Shabluka. 

Sarras. 

Wadi Haifa. 
Near Aswan, 



From the curves based on these observations the discharge has been 
measured off, corresponding to each 5 -day period, and compared with 
the mean reading for the same period, the results can only be regarded 
as fair approximations since changes of the river sections are not known. 

Estimated Volumb Discharqesd in Millions of Cubic Metres. 





Khartoum. 


Wadi Halfa. 


AawAN. 


Month. 


1906 


Difference 
from mean 
of 7 years. 


1906 


Difference 
from mean 
of 15 years. 


1906 


Dlflerenca 
from mean 
o<88yeara. 


vuiy •■• ##• ••• ••# ••• ••• 

August 

September 

October 

Ratio to mean flood 


6,600-1 

24,2101 

24,818-4 

10,736-2 

1-22 


+ 125-8 
+3,321-6 
+6,089-9 
+2,421-4 

• • • 


4,603-0 

20,081-8 

23,850-7 

15,925-7 

0-97 


—2,042-5 
—1,4580 
+ 1,944-0 
— 320-5 
• . • 


2,795-6 

15,920-5 

22,632-5 

15,560-2 

0-87 


—2,263-2 
-3,794-0 
—1,0251 
—1,243-6 
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The flood of 1906 may therefore be considered as somewhat below 
an average flood, since the Khartoum data available were all obtained 
from floods which were much below the normal. 

The comparison of the volume of the 1906 flood with those of pre- 
vious years is given in the following table, which is based on the 
discharge curve of the Aswan gauge during the period July 1 to 
October 31 (see Plate XII). 



TABLE XII. — Ratios of the Nile Floods to a Mean Flood. 



Yeab. 


Ratio to 
mean flood. 


Ybae. 


Ratio to 
mean flood. 


1869 


• ••• ••• ••• 


1-18 


1888 


. ... ... ••. 


0-72 


1870 










1-23 


1889 










1-00 


1871 










1-05 


1890 










1*12 


1872 










1*11 


1891 










1-01 


1873 










0-84 


1892 










1-20 


1874 










1-26 


1893 










0-99 


1875 










1-10 


1894 










1'22 


1876 










1-09 


1895 










1-15 


1877 










0*70 


1896 










1*06 


1878 










1-25 


1897 










0-89 


1879 










1*14 


1898 










1'07 


1880... . 










0-98 


1899 










0-63 


1881... . 










0-93 


1900 










0-89 


1882... . 










0-84 


1901 










0-87 


1883... . 










1-04 


1902 ... . 










0-63 


1884... . 










0-83 


1903 ... . 










0-89 


1885... . 










0-99 


1904 ... . 










0-75 


1886... . 










0-91 


1905 ... . 










0-65 


1887... . 










1-19 


1906 ... . 










0-87 



From this it may be seen that in volume and consequently in the 
amount of run-off from the Abyssinian tableland, this year's flood 
approximated closely to those of 1900, 1901 and 1903 : — 



Place. 


Maxiuum Gauoe Beaoino. 


1900 


1901 


1903 


1906 


Wadi Haifa 

A^StlWclIl ... ■•* ■>• ... ... ... 


8-06 
92-91 


8-08 
92 '82 


8-20 
92-93 


8-19 
92-78 



the last of these showing the closest resemblance. In both these years 
the early part of the rainy season was deficient, but at the end of July 
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and in August, there was much improvement ; on the other hand in 
1903 the rains continued late into September and October, causing a 
slow fall of the river, and producing very favourable low-stage levels 
in the following year. The present year is less satisfactory ; the rains 
ceased rather abruptly at their usual time, although they were late in 
commencing ; Addi Ugri and Addis Abbaba were in defect 3 mm. and 
42 mm. respectively in September, and mm. and 2 mm. in excess 
in October. 
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CHAPTER V. 

It will be convenient to include here certain facts which are con- 
nected with the monsoon of East Africa and the Nile flood. 

(i) Meteorologicax Conditions during the Monsoon Period. 

The meteorological conditions in Egypt and the Sudan during the 
summer do not, in the light of our present knowledge, show much 
connection with the monsoon rains. 

In April pressure was above the normal over the whole area with 
few exceptions ; the temperature was on the whole below normal except 
in the southern stations; southerly winds were somewhat more preva- 
lent than usual in the Sudan, while to the north of Khartoum they 
shifted to the east of north. 

In May, pressure in the monsoon area remained high and the advance 
of southerly winds was slow; the temperature was above the normal 
in the Sudan, but in North Egypt below it, owing to the passage of 
depressions along the Mediterranean. 

In June, the pressure was above normal in a narrow belt extending 
along the southern coast of the Mediterranean through Middle Egypt 
and the North Sudan to the stations in the north of the Arabian Sea. 
Over the European stations generally and over the Sudan, the baro- 
meter was below as well as in the North Indian Ocean stations. 

In Egypt the lowest temperature values were observed early in the 
month, generally on the 1st, when the absolute minimum for the month 
was 14°0C. at Giza. In the Sudan, on the other hand, the lowest minima 
were recorded in the latter part of the month, the absolute value being 
18° at Gallabat on the 28th. 

The most noteworthy fact during June was the defect of westerliness 
in the winds over Egypt with corresponding excess of westerliness 
over the Sudan between the line Wadi Haifa — Suakin and the far south. 
There has also been marked increase in the southerly winds in this part, 
and to a less degree in Egj-pt. Further, as remarked above, the 
southerly winds of the kharif or rainy, season reached a much higher 
latitude in the Sudan than has been the case for the past six years. 
This would seem to point to a movement of the southern anticyclone 
in a north-westerly direction together with an eastward movement 
of the Saharan high pressure area. 
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in July, over the western basin of the Mediterranean and Egypt 
and the Sudan up to Khartoum, the pressure was in general slightly in 
excess; while over East Europe and markedly over the Indian Ocean, 
there was a general defect from the mean. 

In Egypt the highest readings were obtained on the 3rd, the absolute 
value being 760*2 mm. at Alexandria on that date. In the Sudan the date 
of maximum pressure varied much, and the maximum 760*2 mm. was 
recorded at Dueim on the 7th. 

The lowest readings were generally obtained in Egypt on the 24th, 
when Suez recorded 7539 mm., and in the Sudan about the 11th to' 
13th, lowest value being 752*6 mm. at Suakin. 

The range was very uniform, and varied from 5*7 mm. at Suez to 3*1 
at Aswan. 

This effect may be attributed to the absence of depressions in the 
north and to the existence of uniformly settled conditions over the 
whole country. 

The month was cooler than usual over the western and northern 
Mediterranean and Sudan, but slightly warmer in Egypt and more so 
over the North Indian Ocean. 

In Egypt and the Sudan the highest temperatures were generally 
recorded between the 11th and 14th, after which the heat began to 
moderate. 

The absolute values in the two countries were 47^ at Aswan on the 12th 
and 46° at Wadi Haifa, Port Sudan and Suakin on the 12th or 13th. 

These high readings may have been connected with the movement 
of the monsoon-centre, which lay further west than usual between the 
10th and 14th. 

The lowest temperatures were generally recorded in Egypt on the 
Ist or 2nd, and in the Sudan on various dates. The respective absolute 
values were 17° at Giza and Mehalla-el-Kubra and 14° at El Obeid on 
the 21st. 

In direction the wind throughout Lower Egypt was more westerly 
than usual while to the south of Cairo it has been either normal or 
less westerly and northerly than the last five years. 

In the Sudan almost everywhere the wind has blown more frequently 
from a quarter west of south than during the past five years which 
seems to point to a local intensification of the kharif during this month. 

In the Sudan in August the intrusion of a valley of low pressure 
from the extensive depression of the monsoon again appeared, and 
there are signs of a corresponding valley reaching westward from the 
White Nile towards Kordofan and Wadai, though stations are at present 
too few to enable a definite statement to be made on this point. 
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In August the monsoon depression was as a rule shallower than 
during the previous month, and pressure at the centre rarely fell below 
750 mm. with the principal exception from the 2nd to the 4th when 
the lowest pressure was under 746 mm. 

Almost everywhere pressure was above normal for the month, by 
amounts varying from over 2 mm. in Southern Europe to a very slight 
excess in Egypt and the Sudan. This effect seems to be due to an 
intensification of the Atlantic anticyclone. 

All over Egypt the maximum reading occurred on the 31st whereas 
in the Sudan no regularity in this respect could be observed. The 
absolute values were 760*5 mm. at Giza and Atbara respectively. 

The lowest readings were obtained on the 3rd in general in Egypt 
and in the latter half of the month in the Sudan. 

The absolute values were 755*1 mm. at Aswan on the 3rd and 
753*4 mm. at Suakin on the 27th. 

The range was very uniform and only varied from 3*2 mm. at Aswan 
to 5*1 at Dueim. 

The month was rather warmer than usual throughout Lower Egypt, 
but much cooler than during the past six years in the Sudan, where 
the defect of temperature varied from 1°3 to 1°8. 

During the month the wind direction has been more northerly than 
usual and the westerly component has in general been less, and even 
in some cases converted into an eastern cue in Egypt. 

In the Sudan, on the other hand, the direction has been more westerly 
and as regards the frequency of the southerly component about normal, 
except at Mongalla, where, in place of the usual southerly wind, light 
northerly airs have been prevalent. 

In Egypt and the Sudan the wind force or velocity has been on the 
whole below normal. 

Forecasts. 

Three forecasts were issued during the summer, at the beginning of 
May, July and August, dealing respectively with the prospects of the 
commencement of the flood, its development, and its maximum. 

In the first of these, the lateness of the southerly winds in extending 
northwards, and the excessive rainfall in March and April in the equa- 
torial region, together with othsr evidence, led to the conclusion that the 
flood would be somewhat late, at first weak, and probably not above the 
average. On July 15th, an improvement generally had taken place, the 
winds in the Arabian Sea were normal, and conditions seemed to point 
to a moderate, but not an excessive rate of rise of the flood; an average 
flood seemed probable, but nothing pointed to one of exceptional volume. 
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The same conclusion was reached by a discussion of the July rain&U, 
and the river levels which were reported early in August; and it will be 
seen that it was fully borne out by the height reached by the flood, and 
by the volume discharged as compared with data of previous years 
(see p. 44). 

(ii) The Flood in the River Mareb or Khor el Gash. 

The Mareb River came down in heavy flood to Kassala on the 25th 
and 29th July and again on August 5th and 6th, doing considerable 
damage. This river', known as the Mareb in its upper reaches, rises 
in Eritrea at an altitude of 2,200 metres above sea-level, and after a 
course of about 500 kilometres overflows a deltaic fan of detritus in 
the neighbourhood of Kassala (460 m.). It has thus an average fall 
of about 3*5 metres per kilometre, and in the last 100 kilometres the 
slope is nearly 1 in 500, if the altitudes given on the Italian maps are 
reliable. On this map (scale 1 : 500,000), published by the Italian 
General Staflf, the area of the basin can be measured with some accuracy. 
It may be divided into a mountainous portion east of longitude 36° East 
of Greenwich, and a region of lower hills to the west of that meridian. 

8q. km. 

Area of basin of Mareb River east of 36° E 14,500 

„ „ „ west of 36° •• 8,810 

Total 23,310 

The rainfall has been measured for some years at Addi Ugri in the 
upper part of the basin and at Kassala. 

Mean Rainfall in millimetres. 





• • • 


• • • 


• • • 


a a a 


Addi Uobi. 


Kassala. 


May 


38 


6 


June 


... 


• a • 


a a a 


a a a 


67 


22 


July 


a • a 


a a a 


• • * 


a a a 


153 


71 


August ... 


... 


• • • 


a a . 


a a a 


179 


105 



From the above data an idea of the quantity of water falling on the 
Mareb basin may be obtained, and if 33*3^ be taken as the run-off, 
the average volume passing to the river valley may be approximately 
deduced, but in the following table only the 14,500 square kilometres 
east of longitude 36° Ea are considered. 
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May... 

June 

July... 

August 



Month. 



Assuming 33-h% as bun-off. 



Volume of rain 
in millions of 


Million 


or an average 


cubic metres. 


cubio metres 


of cubic metres 




per month. 


per second. 


551-0 


183-7 


70 


971-5 


323-8 


125 


2247-5 


749-2 


288 


2610-0 


870-0 


335 



Even if the average rainfall is taken at less than the figures of Addi 
Ugri, or if even lower value for the run-off be assumed, there will still 
be a very large volume of water to pour down the steep valley-slope, 
usually in the form of successive flood-waves. 

It is stated that the flood-water of the Gash comes down to.Kassala 
early in July so that most of the May and June water is consumed in 
raising the level of the water-table from the point to which it' had sunk 
during the dry season to one above the bed of the river. This year 
the rainfall at Addi Ugri and Kassala has been : — 



Month. 


mm. 


Addi Ugbi 
D'lff. from mean. 


mm. 


K&SSALA 

Siff. from mean. 




mm. 


% 


mm. 


96 


jjfXSLj .•• ... ... ••• 

ti uue •.. ••• ... ... 

<j uiy ... ... ... •■• 

August 


4 

74 

137 

176 


-34 
+ 7 
-16 
- 3 


-89 
+ 10 
-10 
- 2 



12 

77 
87 


- 6 
-10 
+ 7 
-18 


- 45 
+ 10 

- 17 



So that 1906 was by no means a year of excessive rainfall in this 
region. 

By the kindness of Captain Tancredi, of Addi Ugri, I am able to 
give the daily rainfall measured at Addi Ugri about the time of the 
Kassala floods : — 



July. 


mm. 


July. 


mm. 


21 


0-8 


26 


5-5 


22 


14-8 


27 


15-2 


23 


0-0 


28 


17-1 


24 


1-6 


29 


0-9 


25 


4-0 


30 


6-2 


... 


• • • 


31 


1-2 


August. 




August. 




1 


0-1 


5 


0-0 


2 


31-9 


6 


17-5 


3 


6-3 


7 


16-4 


4 


19-5 


8 


2-6 



— Si- 
lt is possible that the rain was heavier than this between Addi Ugri 
and Kassala, but the measurements clearly indicate the storms which 
caused the floods. 



(iii) February and March rains of 1906 in the Sudan. 

If we collect the rainfall statistics from the available stations, some 
interesting facts may be learned concerning the unusual rainstorms 
which occurred this year in February and March. 

In February two principal falls took place, one on the 12th-13th, 
and the other on the 19th-21st, as the following table shows : — 













Total 


Difference 


Place. 


Date. 


mm. 


Date. 


mm. 


in 


from 












month. 


normal 












mm. • 


mm. 


Wadelai 


12 


48-3 j 
21-1 


19 
20 


13-5 1 
15*2 


91 


+ 55 


Gondokoro... . 






13 


19 


31-0 


70 


+ 51 


Mongalla ... 






• • • 


• • . 


• . • 


... 


94 


+ 55 


DOT ... ... 






13 


8-1 


21 


50-1 


59 


•'• • 


T T AU • . a ... < 






12 


25-0 


19 


24-0 


62 


. + 37 


Deim Zubeir 






• • • 


... 


20 . 


hea\T 


... 


. • • 


Ghaba Shambe . 






13 


21-5 


... 


• • • 


119 


+ 79 


Doleib Hilla . 








• • • 


18 


66-6 


72 


+ 48 


Tawfot ... . 








• • • 


20 


105-0 


105 


+ 70 


Addis Abbaba . 








• • • 


19 


26-6) 




* . • 


... ... 




t • • 


21 


11-0 ( 


156 


* • • 


... . • • 




• • • 


22 


18-0 f 


+108 


• * . • • • 




• • • 


23 


31-9) 




. • • 



In March a single heavy fall is recorded at most stations :■ 



Place. 



Wadelai 



Gondokoro 



Bor 
Wau ... 



•.• ... ... 



• . • . . • 



Ghaba Shambe ... 
Doleib Hilla 
Tawfot 



... ... 



Gambela 

Melut (White Nile) 
Roseires 



... ... 



I 



Date. 



20 
21 

19 
20 
21 
21 
19 
21 
24 
19 
24 
20 
22 
25 
20 
20 



mm. 



11*9 
8-9 
50-8 
35-6 
23-9 
38-6 
12-0 
18-5 
16-8 
4-8 
11-0 
23-8 
26-0 
73-2 
48-0 
7-5 



Total 
of month. 



Difference 
from mean. 



mm. 

133 

139 

50 

32 

17 

5 

11 

123 

48 
8 



mm. 

+19 
+70 

• • • 

+17 

+ 11 
-14 
— 2 



+ 4 
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At Kassala also heavy rain fell from 5 p.m. on the 15th, until 6 p.m. 
on the 16th, and it extended to Gedaref and Gallabat. 

The mean isobars for this month are given on Plates IX and X 
together with those for February 13th, and 20th, while those for 
March 19th and 21st are represented on Plate XL From these charts 
it will be seen that the rain was due to cyclonic depressions which 
formed in the southern Sudan and then moved is a north-easterly 
direction. 

Similar rainstorms have no doubt occurred from time to time in the 
])ast, but no records of them exist; even unusual rises of the river 
are rarely mentioned except at the lowest stage, while late rises and insuf- 
ficient floods were of first importance. To day, when perennial irrigation 
and intensive cultivation has spread from the Delta to the Nile Valley, 
and has already reached Assiut, floods much above the average are not 
beneficial, and so long as the level reached is sufficient to flood the higher 
lands of Asw^an, Qena and Girga Mudirias, any flood is satisfactory. It 
is quite otherwise with the low stage supply; in April, May, June and 
July all available water is required for agriculture, and of late years 
large works have been erected to store up the surplus water of December 
and January in order to distribute it later, in the season of insufficient 
river supply. Any assistance such as that received this year from the 
Abyssinian and Sudan rains of February and March, is of inestimable 
value, and their probable frequency is a matter of special interest. 
We have seen that the flood-wave of February took 30 days to travel 
from Roseires to Wadi Haifa, and had the Aswan Reservoir not existed, 
would have taken about 15 to 18 days longer to reach Cairo. It follows, 
therefore, that rainstorms on the Abyssinian tableland on February 15 
would, if heavy enough, affect the level at Cairo about April 1 and 
those on March 15 about May 1, passing Aswan about 10 days earlier. 

The data available for this investigation are meagre; they consist of, 
a tdw travellers' accounts, the daily gauge readings at the Delta Bar- 
rage for the years 1845-1861, and the daily gauge readings at Aswan 
from to the present time. 

In 1847, about March 15, the river at the Barrage stopped falling, 
and during ten days rose slightly, after which the usual fall recommenced. 
On May 5, a similar rise took place which affected the level for about 
three weeks. These rises were undoubtedly due to heavy rainfalls in 
Abyssinia, and the one which caused the marked rise must have occurred 
quite at the beginning of February. Of the 16 years recorded, 1847 is 
the only one which shows so early a rise but in 1852 there was one in 
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May, but not earlier. The curves from which the above data are taken * 
are plotted from 5-day means, and small rises may thereby have been 
flattened out. 

From the records of the river level at Aswan, the following cases of 
early rises may be taken, from which it may be seen that only twice 
would such rises have corresponded with February rain in Abyssinia, 
and in each case they must have been near the end of the month. 



Yeab. 



1872 
1874 

1877 

1879 

1881 
1886 
1887 
1888 
1889 
1891 
1893 
1894 
1896 
1900 



i 
1 



Period of rise at Aswan. 



April 



>5 



Ma)r 
April 



>9 



May 

April 






18-30 
28-May 7 
13-30 

1-14 
21-28 
29-May 6 
11-18 
18-May 4 
21-29 

4-10 

1- 9 
18-23 

5-12 
17-21 

29-May 5 
24-May 14 



4 

Total 
rise cm. 



7 

11 

25 

7 

11 
6 
5 

12 
7 
9 
9 
7 
9 

12 
5 
9 



Approximate date of 
rain in Abygginia. 



March 10 
24 
6 

23 
14 
22 
4 
11 
„ 24 
Febr. 25 
March 23 

„ 11 
Febr. 23 

March 10 

22 

17 



»5 



?» 



55 



55 



55 



55 



55 



55 



55 



RBMUtKS. 



The later March rains are probably only early storms of the usual 
"Azmera" or spring rains of Abyssinia but they are none the less of 
value in improving the low- stage levels of the Nile. 

On Plate XIII the curves of the Nile gauge readings at Aswan and 
Wadi Haifa as the level falls from the maximum in the autumn to the 
minimum in early summer are shown graphically. From these it will 
be seen that in several years the rate of fall has been alruptly checked 
which can only have been due to an increased discharge passing down 
the river ; the result of rainstorms in the basin of the Blue Nile. 



* ZeitBchrift filr allgemeine Erdkunde N. F. Bd. XIV, Taf II. 



— 57 — 

(iv) The low-stage supply of the Nile. 

Measurements of the volume discharged by the Nile at different 
seasons seemed to show that during the rise and full of the flood 
a very large amount of water was lost by seepage into the Nubian 
sandstone, but probably at lowest stages an appreciable addition was 
made to the river supply since the water-level was probably below the 
watertable at this time. The following discussions of the results is by 
Mr. J. I. Craig. 

A series of discharges were taken at Kareima * on April 10-13 as 
part of an organised investigation of the flow of water to or from the 
Nile by seepage. Discharges measured at Sarras and at Aswan Reser- 
voir, but by different methods, seemed to show the possibility of consi- 
derable quantities of water leaving the river in January and February 
between these two places. Accordingly it was decided to take systematic 
observations at Kareima, which, supplemented by the regular measure- 
ments at Sarras and the data afforded by the regulation of Aswan 
Reservoir, might facilitate a discussion of the question. Owing, however, 
to the absence of the Inspector General of Irrigation from Khartoum, a 
regular set of discharges was not available for that station, and inter- 
polated values had to be used. 

Method. — The method employed of late years in all operations for 
measuring the discharge of the Nile was followed. A site was selected 
almost opposite Kareima station, where the river was narrowest at this 
season, and a rope was stretched across the river with the help of a 
steamer, kindly placed at the disposal of the party by Col. Jackson. 
By anchoring a small boat in mid-stream, to take the weight of the 
rope, it was found possible to get this almost straight across the river, 
and no correction was required for sag. 

A Price's current meter was used to find the velocities, and a sound- 
ing-line, marked in metres, was used to measure the depth. Distances 
from the bank were measured along the rope with a ten-metre cord, 
which was checked before and after a measurement. The sounding-line 
was also checked. 

The direct distance across the river was measured with a tacheometer, 
and found to be 192*7 metres at the first site (for the first two dischar- 
ges), and 194*0 metres at the second site, which only differed slightly 
from the former. 

* Downstream of the Fourth Cataract. 
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Two sets of yelocity-measurements were taken to determine the po- 
sition o£ the filament of mean velocity, from which it was concluded 
that no correction need be applied to the velocity at mid-depth, at which 
all the stream velocities were measured, to reduce the observed velocities 
to the average velocity in the vertical. 

The current-meter was rated immediately on the return of the party, 
and the following rating equation found : — 

y = 0-8995 x + 0-l-t42 

were y is the velocity of the water in metres per second and x the 
number of revolutions of the meter per second. Another rating was 
made in June which gave the equation: — 

y == 0-899J X + 0-0637 
It thus appears that the behaviour of the meter was consistent. 

Identification of corresponding discharges. — It is, of course, essential 
to be sure that the same water that passed Khartoum was btdng 
measured at Kareima and Sarras, a point which was somewhat compli- 
cated, but also somewhat simplified, by the fact that a floodpulse, 
due to usually early rain in Abyssinia, was passing down the river 
at the time. Had the river been falling uniformly at each place, 
it would have been extremely difficult to identify at the lower stations 
the water already measured at Khartoum. The passing of the flood-pulse, 
however, removed some of the uncertainty, and, had the measurements 
extended over the whole time of the pulse, the uncertainty would have 
entirely disappeared. 

It is possible to fix the interval between the passage of a given volume 
of ivater at Khartoum and its subsequent appearance at Kareima and 
Sarras by the following considerations. The gauge-readings at Khar- 
toum, Sarras and Haifa show that the flood-pulse passed the different 
stations at the times indicated in the table. 

Date or arrival of. 



Khartoum 

OtirrcvS ..• •*• ..• ... ... ••■ 

Wadi Haifa 

Interval ( Khartoum-Sarras 

in days. ( Khartoum- Wadi Haifa. 



The l8t 


rise. 


April 


4 


99 


19 


99 


23 


99 


15 


99 


19 



The crest. 


The end. 


April 7 
„ 24 
„ 25 
„ 17 
„ 19 


April 13 
„ 29 
„ 30 
„ 16 
„ IT 



Mean. 



16 
18 
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• • • • • • 



• • • • • • 



• • • • • • 





1,530 


kilometres. 




815 






50 






9 






806 






1,480 






1,530 





We have the following data * as to distances along the river in 
reach: — 

Khartoum- Wadi Haifa ... 

Khartoum-Merowe ... 
Now Sarras to Wadi Haifa is 
and Kareima to Merowe is 

Therefore Khartoum to Kareima. 

Khartoum to Sarras 

Khartoum to Wadi Haifa 

If the data of the Sarras gauge be employed, the mean rate of travel of 
the pulse was 1480 kilometres in 16 days, or 92*5 kilometres per day, 
while with the Wadi Haifa data the speed becomes 85*0 kilometres per 
day. It is probable that a mean, or 88*7, will be a better value to adopt. 
With this value, the time from Khartoum to Kareima should be 9 days, 
and the times of arrival of the different phases at Kareima should be : — 

First rise of the pulse April 12 

VyX vOl< ... ... .•• ... ... ... ... ... *•• ... .f Jl\J 

JuiUU ••• •*• ... ... ... ... ... ... ... ..• ... •> £tu 



These times depend, of course, on the assumption that the pulse moved 
uniformly along the river, but it is almost certain that it would be 
retarded slightly as it advanced, and would accordingly move more 
slowly in the latter part of its journey. On this assumption, the first 
rise of the pulse might be expected at Kareima about April 11 or 12, 
and it therefore appears that the discharges, which extended from 
April 10-13, were taken on the rise due to the passage of the pulse. 
That the river was rising is shown by the readings of a temporary 
gauge erected at Kareima on April 11, which were : — 



April 11 O'-tO cm. at noon 

12 ... ... 0*48 cm. a.m. 

13 0*49 cm. a.m. 



9> 

15 



0*49 cm. p.m. 



These figures agree with the contention that the passage of the pulse 
took place before the times derived from the assumption of a uniform 
speed* 

The average time from the first rise to the passage of the crest, was : — 



At Khartoum... 

„ Sarras 

„ Wadi Haifa 
Mean 



... ... ... ... ... ... ... ... 



... •<• ... ... ... ... ... ... ... ... 



... ... ... ... ... ... ... ... 



... *.* ... ... ... ... ... ... ... ... 



3 days. 

5 

2 

3-3 



5> 



»9 



9> 



• "PJiysiography of the River Nile/' Cairo, 1906 p. 6. Two kilometre* have been allowed for 
the distaaoe ftom the gauge at Khartoum to the confluence. 
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If, therefore, we take the first rise at Kareima as occurring on the lit 
the crest passed at a late hour on the 14th, so that the highest discharj 
obtained did not correspond with the passage of the actual creet. 

It is noteworthy, as will appear later, that the water passed Kareii 
in a series of waves, and not as one continuously flowing and ebbii 
pulse. The coincidence between the shapes of the gauge curves showii 
the two discharges is too striking to be the result of chance, and mu 
correspond to a real phenomenon. There were thus two maxima 
the discharge and there is very little doubt that it was the first of the^ 
or a secondary maximum, which was measured at Kareima on t! 
afternoon of the 12th. This fact would again point to the crest ha 
ing passed Kareima on the 14th. 



Discharges. — Khartoum. — Mr. Dupuis kindly supplied the figur 
from which the following data have been extracted : — 

Observed Discharges near Khartoum. 



Datb. 



March 24-26 
April 11-13 
May 1-2 



Blue Nile. 



219 m' per sec. 

254 

104 



?> 



99 



White Nile. 



511 m'per sec. 

581 

635 



55 



55 



Nile. 



700 m* per sec. 

817 

724 



55 



55 



Bemarkb. 



"All see 
too low. 



Deduced probable 


DISCHARQBS 


OF 


THE 


Nile 


AT 


Khartoum. 


March 30 


• • • • 


• . 




780 


cubic metres 


per 


second 


• 


55 


31 


• . • 


• • a 




796 






55 






t 

o 


April 


1 


* • • 


• * • 




818 






55 






55 


2 


... 


t . • 




796 






55 






•a 


•• 


3 


... 


• • • 




777 






55 








o 


55 


4 


... 


• . a 




777 






55 








55 


5 


• • • 


. . . 


■ ... 


826 






55 








55 


6 


... 


. . . 




896 






55 






(- 

£4. 


55 


7 


... 


. • . 




935 






55 






1 


55 


8 


• t. 


• . • 




910 






51 








55 


9 


... 


• * . 




890 






55 








55 


10 


1 1 1 


• . • 




865 






55 




^ 





It will be observed that the phenomenon of the double crest 
also at Khartoum, but with an interval of six days between the 
The discharges were interpolated from observed figures, ai 
considerable interval, and accordingly too much stress shoi 
laid upon them. Mr. Dupuis remarks : " The period chos 
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observations was unlucky — ^the river was behaving very oddly all 
through March and Apdl — we had two very respectable little flushes 
down the Blue Nile and all gauges were very irregular/* 

As has been remarked, there are not wanting compensating advantages. 

Kareima. — ^The corrected results for this station were * : — 



Date. 



April 10 evening 
„ 11 morning 
„ 12 morning 
„ 12 evening 
,y 13 morning 



Discharges 
cub. m. per sec. 



865 
798 
865 
885 
887 



Sectional area 
sq. met. 



1003 
1005 
1059 
1099 
1090 



Mean Telocity 
met. per aeo. 

0-798 
0-794 
0-818 
0-805 
0-814 



Sarras. — ^The discharges here gave the following results : — 



April 19 


» 


20 


>» 


21 


5> 


22 


>» 


23 


» 


24 


99 


25 



. • t ... 



e e t • • • 



..e .ts ... 



... .et .*• 



••t ... .•• 



•te ••• att 



e • • e e • 



Discharge 


787 cub. met. per second. 


99 


722 


99 


819 


99 


803 


99 


883 


99 


867 


99 


803 



Comparative Results. — Khartoum- Sarras. — The first rise passed the 
former station on April 4, and the latter on the 29th, while the corre- 
sponding times for the principal crests were April 7 and 24 respectively. 
Daily discharges were not measured at Sarras after April 25, but from 
a comparison of the results to that date, the following figures result ; — 





Ehabtoum. 


SABBA8. 


Date. 


DiBcharge in cub. met. 


Date. 


Discharge in cub. met. 


Difference in cub. met. 




per sec. 




per sec. 


per sec. 


April 3 


777 


19 


787 


-10 


„ 4 


777 


20 


722 


+55 


>,, 5 


826 


21 


819 


+ 7 


„ 6 


896 


22 


803 


+93 


» 7 


935 


23 


883 


+52 


„ 8 


910 


24 


867 


+43 


„ 9 


890 


25 


803 


+87 



Mean 



... at* 



+47 



* The marked Bimilarity between the curyes of discharge at Kareima and Sarras strengthens 
confidence in the accuracy of both and in the deductions made from them. 
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[ It would thus appear that, on the average, 47 cubic metres per second 
more were passing at Khartoum than at Sarras. The effects of evapo- 
ration, seepage and filling of the trough have, however, to be considered. 
If we consider the trough of a river and the space included between 
two sections, the free water surface and the bed, it is evident that the 
excess of the quantity of water flowing into the region at the upstream 
section over that flowing out at the down-stream section must be 
exactly equal to the sum of that evaporated, that lost in seepage, and 
that employed in raising the general level of the free surface. 

In symbols : — 

Let Q be the number of cubic metres per second passing down 

across the upper section, 
q be the corresponding quantity of the same water passing out 

across the lower section, 
E be the amount of water evaporated from the whole section in 

one second, measured in cubic metres, 
S that lost from seepage in a second, 
T the amount of the layer added per second to the water already 

in the trough by rise of the surface, 
then the statement made above is embodied in the following equation: — 

Q = g + S + E + T. 

If now A is the area of the free water surface in square metres, 
ej the daily evaporation of the water surface in metres, 
A, the mean rise per day measured in metres, 
then E = «A/86400 
„ T = A A/8 6400 and the equation becomes: — 

Q = ^ + S + A(^ + A)/86400 

Now the gauge readings show that the flood-pulse left no permanent 
rise in the river between Khartoum and Sarras, since after its passage 
they were almost exactly the same as before. No water was therefore 
abstracted from that passing Khartoum to raise the level of the free 
surface, and accordingly h may be put zero. 

The amount of the dally evaporation is more doubtful. Observations 
of this element have only recently been commenced in the Sudan, and 
data are available for the stations Wadi Haifa, Merowe, Berber and 
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Khartoum, at each of which a Piche evaporimeter exposed in a louvred 
screen is in use. The mean daily evaporation found in April was : — • 



Wadi Haifa 
Merowe 
Berber... . 
Khartoum . 



... ••. ... ... ... ... ... ... 



... ••• ... ... ... ... **• ... 



**• ... ... •*• ••• ... ... ■*. 



... ... ... ... ... ... ... ... 



16*8 mm. 
23-2 
24-0 
131 



5> 



Average 



19-3 mm. 



Recent work at Helwan Observatory indicates that the evaporation 
from a free water surface is 0*95 of that from a Piche evaporimeter, 
whereas experience in the United States gives the ratio as more 
nearly 0*75. With the former the evaporation from the river would 
be 18*3 mm. daily, and with the latter 14*5 mm. Pending more definite 
information on this point, calculations will be based on evaporations 
of 20 and 15 mm. between which the true value will probably lie. 

The area of the free surface is also somewhat doubtful. Parts of this 
reach (roughly, half) have been surveyed on the scale 1 : 10,000, 
but for the remaining parts the maps on the scale 1 : 250,000, published 
by the Topographical Division of the General Staff, London must be 
used, and it is probable that the margin of the river shown on these is 
the flood limit. It will therefore require modification to give the area 
of the river in April, a remark which also applies to the larger scale 
maps which were all surveyed when the river was considerably higher. 
Probably 20% is a fair deduction to make from the areas measured 
from the maps, which are shown in the table : — 





Area. 


Distance, 
km. 


Mean breadth. 




From the maps 
mill. sq. met. 


Lets 20% mill, 
gq. met. 


met. 


Khartonm-Kareima . . . 
Kareima-Sarras 


722 
604 


578 
483 


806 
674 


720 
720 


Total . . . 


1,326 


1,061 


1,480 


720 



Since •we may put h equal to zero iu the above equation, and e is 
taken to be 20 mm., the equation becomes : — 

Q = J + S + 1061 X 10* X 0*020/86400 
= g + S + 246 
But Q — g has been shown to be 47, and so 
47 = S + 246 
or S = 199 
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In other words, water to the amount o£ 199 cubic metres per second 
was found to be flowing into the river from the banks. 

If the evaporation be assumed to be 15 mm., this figure is reduced 
to 138 cubic metres, and it may be stated with considerable certainty 
that a quantity of from 140 to 200 cubic metres per second was entering 
the river between Khartoum and Sarras. This might well be, as the 
river was then almost at its lowest stage and the water-table would 
accordingly be above the river surface.* A certain quantity would, 
without doubt, come from the Atbara, where underground flow has been 
recently demonstrated f but the greatest amount would be that oozing 
from the banks and welling from springs, while some may also flow 
in from the beds of the wadis. % 

Kareima- Sarras. — After the discussion devoted to the Eareima- Sarras 
data, it will be unnecessary to elaborate the figures derived from the 
Kareima- Sarras reach. It is sufficient to quote them, and to point out 
that they entirely support the other measurements. 

In tabular form, the corresponding discharges are : — 



Kareima. 


Sabsas. 


Dat«. 


Discharge. 


Date. 


Diaolutrge. 


DUfweno.. 


April 

10 p.m. 

11 a.m. 

12 a.m. 

12 p.m. 

13 p.m. 


Cub. m. per sec. 
865 
798 

865) Mean ( 
885) 875 1 
887 


April 
19 
20 

21 

22 


Cub. m. per sec. 
787 
722 

819 

803 


Cub. m. per sec. 
88 
76 

56 

84 



Mean 74 



With an evaporation of 20 mm. daily, the flow of water into the 
river becomes 39 cubic metres per second, while with 15 mm. daily, the 
amoimt is reduced to about 10 cubic metres per second. 



* That the water-table ia aboTe the free surface of the river ia confirmed by a statement of OoL 
Jackson, the Mudir of Dongola province, that well water is foond at a less depth back from the 
river than it is on the banks. 

t " Physiography of the Biver NUe, " Cairo, 1906. p. S36. 

i As is found to be the case in several wadis between the Nile and the Bed Sea. 
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It thus appears that between Khartoum and Sarras water to the 
amount of 200 to 1 40 cubic metres a second was flowing into the river, 
while between Kareiraa and Sarras the quantity was from 40 to 10, 
according to the amount assumed for daily evaporation. For reasons 
already mentioned, the second result is probably slightly more reliable 
than the first, but it seems probable that in any case the return flow 
into the river from seepage is somewhat greater in the upper reach 
than in the lower, and that this diminution is continued in the reach 
between Wadi Haifa and Aswan, where the direction of flow of the 
sub-surface water may even be reversed. 

What probably happens, therefore, is that on the full flood, while the 
level of the river is above the water-table, seepage from the river is 
proceeding everjrwhere, but to an extent which we can only conjecture, 
though it is certain that the quantity so lost must be measured in 
hundreds of cubic metres per second. After a time, as the water-surface 
falls, a point is reached when there is equilibrium between the river and 
sub-surface water, but the date of this phenomenon varies for different 
reaches, and depends mainly on the porosity of the banks. In very 
porous material, the water-table may be permanently below the level 
of the river surface, in which case there will be seepage from the river 
permanently, reaching a maximum in flood and a minimum at the 
lowest stage. In less porous material, the level of the water-table will 
rise and will oscillate about a mean position which will approximate to, 
but not in general exceed, the mean gauge reading of the river, except 
where an independent supply of underground water is available. In 
the latter case, which is probably that of the Nile between Khartoum 
and Kareima, seepage from the river will operate while the river is above 
the mean gauge reading, but the flow will be reversed almost as soon 
as the surface falls below the mean. 

On Plate XIII the fall of the Nile at Aswan and Wadi Haifa has 
been plotted for each year that data exist, in order to show in what 
years the normal fall of the water level has been checked when it was 
nearing its lowest limits. The curves on Plate XIII are plotted from 
the maximum and minimum readings of the year, and from those of 
the 1st and 15th of each month from August to July. 

In countries where the rainfall is distributed throughout the year, 
rivers may rise in flood at different seasons, having a principal flood 
season, and other minor floods due to unusually heavy rains. The Nile 
by reason of its geographical position, having its principal catchment 
area, Abyssinia, situated within the tropics, has a simple regimen. 
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Annual rains, commencing in May, reaching their maximum in August, 
and rapidly decreasing in September cause a flood which rises rapidly 
at in July and August, reaches its maximum early in September, falls 
first rapidly in October, and then more slowly as the low-stage of 
the river is approached. These tropical rains begin and end with great 
regularity, and when they are ended, a practically rainless season, 
lasting for 6 or 7 months, sets in, so it is on the intensity and dura- 
tion of these tropical rains that the variations of the low-stage level 
depend. 

The first rise of the Nile takes place at Khartoum usually in the last 
days of May, and while at first the increase of level is slow, it becomes 
rapid in July and Angus t reaching the maximum about the first 
week in September on the average. . The rains in Abyssinia now are 
decreasing greatly in intensity, and have practically ceased in the basin 
of the Blue Nile by the middle of October, so that the fall of the river 
is now rapid. Craig has discussed the effect of this rapid rise of the Blue 
Nile flood on the water of the White Nile, and as shown that : — 

(1) As soon as the level of the water at Khartoum has risen 2*5 metres, 
the water surface here and at Dueim begins to rise at very nearly the 
same rate, since the White Nile valley upstream of Omdurman then 
contains a practically horinzontal sheet of water. 

(2) This reservoir of water continues to rise as long as the Blue Nile 
rises, and the water coming down the White Nile, which is at this 
season mostly from the Sobat, is more than sufficient to keep up the level. 

(3) The volume of water so stored amounts to about 1,500 millions 
of cubic metres in an average year. 

(4) As the Blue Nile falls, this reserve of water is discharged, 
increasing the su])ply and causing levels in the Nile to fall more slowly 
than in the Blue Nile. 

The factors therefore which affect the low-stage levels of the 
river are : — 

(a) The intensity of the rainfall in Abyssinia. 
(i) Its continuance into September and October. 
(c) The volume stored in the valley of the White Nile. 
(rf) Rainstorms in the months November to April which 
temporarily raise the water-level. 

The first three of these factors are directly connected with the short 
and heavy rainfall which ceases in October. 

The last factor above-mentioned is a disturbing one, but the rare 
occurrence of heavy rainstorms in the dry season renders it less effective 
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than in many other rivers. Until the last few years, the want of 
gauges on the Blue Nile prevented us from ascertaining if such rises 
occurred, and when records were kept at Khartoum from 1869 to 1883, 
the readings during the flood period alone were registered. 

As from December to April no rain is ordinarily falling in the Blue 
Nile Basin, it is fair to conclude that such a<lditional supply of water 
is derived from such occasional rainstorms as we have been discussing. 
Rainfall in North Uganda will not affect the river level at Wadi Haifa, 
as the marshy flood-plain of the Bahr el Jebel valley will take up 
any increased supply, while flood waves in the upper tributaries of 
the Sobat die out in the long course of that river and the shallow 
valley of th.3 White Nile. 

The average rate of fall of the river at Aswan, deduced from 30 years' 
observations, is : — 



Month. 


Fall in cm. 


Month. 


Fall in cm. 


September 

October 

S^ovember 

December 


58 
215 
154 
122 


January 

February 

X'X dlv^llaaa ••• ••• ••• ••• 

XxLll 11 #•• ••• ••• ••• ••• 


69 
64 
63 
44 



SO that the fall in October is that which has most effect in determining? 
the low-stage level. As the river is higher in September than in October, 
larger volumes of water are passing per second in that month than in 
October, when the velocity is considerably less, and from the discharge 
table the proportionate discharge in September, October and November 
may be taken very approximately as: — 1*4 : 1 : 0*55. 

It will be seen from Plate XIII that in several years an abrupt 
change in the slope of the curve shows that an increased supply of 
water has passed down the river: 1872, 1875, 1892, 1898 and 1905 
may be quoted as the most marked instances of this. If the case of 
this year may be considered as typical, it is from the Southern Sudan 
that these rain-bearing depressions come, so that it is most desirable to 
promote the study of the meteorology of this region. With only a few 
years' observations at a few stations at present available, but little can 
yet be done in elucidating their cause. 
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In Egypt the effect upon the supply was very noticeable, and the 
following table * shows to how appreciable an extent the supply of the 
large canals was benefitted : — 



Wadi Halfa. 



Date. 



March 10 

.. 25 

April 10 

25 

10 

27 

12 

1 



»» 
May 



»« 



June 
July 



Reading. 



1905 



m. 



1 
1 
1 
1 
1 


1 



•54 
36 
23 
•14 
04 
'94 
93 
30 



1906 



m. 

1-52 
1-60 
1-39 
1-60 
1-HO 
1-20 
1-JO 
1-54 



Discharge 
m3 p. 8.t 



1905 



830 
730 
700 
670 
630 
600 
590 
710 



1906 



790 
830 
745 
830 
710 
61K) 
675 
830 



Differ- 
ence % 



— 5 
■f 14 
+ 6 
-f 25 
+ 12 
■f 15 
■f 14 
+ 17 



AOOREOATE DISCHARGE OF IBRAHIMIA 

AND Delta Canals in m' p. s. 



Date. 



April 1 
M 15 

May I 
„ 15 

June 1 
„ 15 

July 1 
15 



•» 



1905 


1906 


735 


780 


650 


740 


590 


765 


620 


790 


540 


740 


690 


740 


640 


780 


780 


m) 



Differ- 
ence % 



■f <> 
-f 14 
-f 30 
-f 28 
-f 37 
-f 25 
-h 22 
-f 11 



Note. — The Delta Barrages were both tightly closed by the end of 
March in both years. 

The Aswan reservoir commenced to supply the region to the north 
of it on May 1st in 1905, and on May 10th in 1906. The rate of supply 
was almost exactly the same in both years. 



* From the Inspector General of Irrigation for Lower Egypt. 

t From a discharge curve derived from the Sarras discharges given in Appendix 1. 
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APPENDIX 



Volomes of the Nile Discharged at Sarras, 1906. 



Vm. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

IS 

18 

14 

16 

16 

17 

in 

19 

10 

21 

n 

23 
24 

is 

96 
27 



39 



31 
33 
33 
34 
35 



37 
88 



40 
41 
43 
43 
44 
45 
46 
47 
48 
49 
50 
51 






Datk. 


1 


Mean Velocity 
m. p.s. 


Position of 
Mean velocity 
below surface. 


c 
£ ® 


S 

a 

i 

5 


Mean 
deptli metres. 


Area on 
unchanged section. 


t 
I 




a£ 


I 


2 
0-9 


Relative gauge 
readings Haifa. 


3 JaDuary. 


3-92 


0-63 


0-65 


2476 


169-5 


16-3 






• • • 


1570 


1630 


3 


'7 


2-60 


6 


ti 


3-81 


0- 


61 


0*65 


2566 


169-5 


IS- 


3 










1567 


1560 





•4 


1-0 


2-56 


9 


ij 


3-70 


0' 


56 


0*65 


2545 


168 


IS' 


2 










1431 


1510 


5' 


'2 


1-0 


2-50 


11 


11 


3-f»r» 


0" 


r>9 


0-65 


2543 


168 


15' 


2 










1525 


1490 


2" 


■3 


1-0 


2-48 


J4 


tt 


3-fil 


0- 


61 


0-65 


2524 


1(;8 


IS- 


•0 










1549 


1460 


6' 


1 


0-9 


2-45 


17 


t» 


3-52 


0- 


'57 


()'65 


2521 


168 


IS" 













1441 


1420 


1" 




1-0 


2-42 


20 


»« 


3-48 


0' 


56 


0*65 


2507 


168 


14' 


'9 










1403 


1400 


0- 


2 


1-0 


2-38 


22 


«» 


3-35 


0' 


53 


0-75 


2495 


168 


14- 


•8 










1323 


1340 


1" 


4 


1-1 


2*32 


35 


•» 
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Annual rains, commencing in May, reaching their maximum in August, 
and rapidly decreasing in September cause a flood which rises rapidly 
at in July and August, reaches its maximum early in September, falls 
first rapidly in October, and then more slowly as the low-stage of 
the river is approached. These tropical rains begin and end with great 
regularity, and when they are ended, a practically rainless season, 
lasting for 6 or 7 months, sets in, so it is on the intensity and dura- 
tion of these tropical rains that the variations of the low-stage level 
depend. 

The first rise of the Nile takes place at Khartoum usually in the last 
days of May, and while at first the increase of level is slow, it becomes 
rapid in July and Augu&t reaching the maximum about the first 
week in September on the average. . The rains in Abyssinia now are 
decreasing greatly in intensity, and have practically ceased in the basin 
of the Blue Nile by the middle of October, so that the fall of the river 
is now rapid. Craig has discussed the effect of this rapid rise of the Blue 
Nile flood on the water of the White Nile, and as shown that : — 

(1) As soon as the level of the water at Khartoum has risen 2*5 metres, 
the water surface here and at Dueim begins to rise at very nearly the 
same rate, since the White Nile valley upstream of Omdurman then 
contains a practically horinzontal sheet of water. 

(2) This reservoir of water continues to rise as long as the Blue Nile 
rises, and the water coming down the White Nile, which is at this 
season mostly from the Sobat, is more than sufficient to keep up the level. 

(3) The volume of water so stored amounts to about 1,500 millions 
of cubic metres in an average year. 

(4) As the Blue Nile falls, this reserve of water is discharged, 
increasing the supply and causing levels in the Nile to fall more slowly 
than in the Blue Nile. 

The factors therefore which affect the low-stage levels of the 
river are : — 

(a) The intensity of the rainfall in Abyssinia. 

(b) Its continuance into September and October. 

(c) The volume stored in the valley of the White Nile. 

(rf) Rainstorms in the months November to April which 
temporarily raise the water-level. 

The first three of these factors are directly connected with the short 
and heavy rainfall which ceases in October. 

The last factor above-mentioned is a disturbing one, but the rare 
occurrence of heavy rainstorms in the drv season renders it less effective 
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than in many other rivers. Until the last few years, the want of 
gauges on the Blue Nile prevented us from ascertaining if such rises 
occurred, and when records were kept at Khartoum from 1869 to 1883, 
the readings during the flood period alone were registered. 

As from December to April no rain is ordinarily falling in the Blue 
Nile Basin, it is fair to conclude that such a<lditional supply of water 
is derived from such occasional rainstorms as we have been discussing. 
Rainfall in North Uganda will not affect the river level at Wadi Haifa, 
as the marshy flood- plain of the Bahr el Jebel valley will take up 
any increased supply, while flood waves in the upper tributaries of 
the Sobat die out in the long course of that river and the shallow 
valley of tha White Nile. 

The average rate of fall of the river at Aswan, deducv^d from 30 years' 
observations, is : — 



Month. 


Fall in cm. 


MoifTH. 


Pall in cm. 


September 


58 


January 


69 


October 


215 


February 


64 


November 


154 


ijl. cLlK^llm * m ••• ••• ••• ••• 


63 


December 


122 


xxL/l 11 ••• ••• ••• ••• ••« 


44 



so that the fall in October is that which has most effect in determining 
the low-stage level. As the river is higher in September than in Octobar, 
larger volumes of water are passing per second in that month than in 
October, when the velocity is considerably less, and from the discharge 
table the proportionate discharge in September, October and November 
may be taken very approximately as: — 1*4 : 1 : 0*55. 

It will be seen from Plate XIII that in several years an abrupt 
change in the slope of the curve shows that an increased supply o£ 
water has passed down the river: 1872, 1875, 1892, 1898 and 1905 
may be quoted as the most marked instances of this. If the case of 
this year may be considered as typical, it is from the Southern Sudan 
that these rain-bearing depressions come, so that it is most desirable to 
promote the study of the meteorology of this region. With only a few 
years' observations at a few stations at present available, but little can 
yet be done in elucidating their cause. 
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In Egypt the effect upon the supply was very noticeable, and the 
following table * shows to how appreciable an extent the supply of the 
large canals was benefitted : — 



Wadi Halfa. 



Date. 



March 10 

» 25 

April 10 

25 

10 

27 

12 

1 



•I 
May 



It 



JuDe 
July 



Reading. 



1905 



m. 



1 
1 
1 
1 
1 


1 



•54 
'36 
23 
"14 
04 
'94 
'93 
'30 



1906 



m. 



•52 
'60 
39 
'60 
•30 
20 
'JO 
•54 



Discharge 
m^ p. s.f 



1905 



830 
730 
700 
670 
630 
600 
590 
710 



1906 



790 
830 
745 
830 
710 
6iK) 
675 
830 



Diflfer- 
ence % 



-f 



5 
14 

6 
25 
12 
15 
14 
17 



AaOBEOATE DI8CHABGE OF iBRAHIlf lA 

AND Delta Canals in m> p. s. 



Date. 



April 1 
„ 15 

May 1 
« 15 

June 1 
M 15 

July 1 
15 



•1 



1905 


1906 


735 


780 


650 


740 


590 


765 


620 


790 


540 


740 


690 


740 


640 


780 


780 


86() 



Differ- 
ence % 






6 
14 



-f 30 
-h 28 
+ 37 
+ 25 
-f 22 
+ 11 



Note. — The Delta Barrages were both tightly closed by the end of 
March in both years. 

The Aswan reservoir commenced to supply the region to the north 
of it on May 1st in 1905, and on May 10th in 1906. The rate of supply 
was almost exactly the same in both years. 



* From the Inspector General of Irrigation for Lower Egypt. 

t From a discharge curve derived from the Sarras discharges given in Appendix I. 
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APPENDIX 



Volumes of the Nile Discharged at Sarras, 1906. 



DATS. 


t 

a 




ilon of 

velocity 

surface. 


•• * 

S 

1 a 

c 5 


1 

S 

B 


ean 
metres. 


» on 

9d section. 


i 
1 


barge 


barge 
curve. 


a 

i 


.days 
:b Haifa. 


S'3 








Posit 
Mean 
below 


1 


■a 
5 


585 

a 

9) 


Art 
uncbang< 


*< 






2 
0-9 


Relate 
reading 


January. 


3-92 


0-63 


0-65 


2476 


169 '5 


16-3 


• • • 






1570 


1630 


3 


■7 


2-60 


fi 


3- 


81 


0' 


61 


0-65 


2566 


169-5 


15' 


3 










1567 


1660 


0' 


■4 


1-0 


2-56 


»i 


3- 


70 


0- 


56 


0-65 


2545 


168 


16" 


2 










1431 


1510 


5' 


2 


ro 


2* 60 


i» 


3' 


60 


0" 


59 


0-65 


2543 


168 


15" 


2 










1525 


1490 


2' 


3 


1-0 


2-48 


ti 


3' 


<n 


0' 


'61 


0-65 


2524 


ir,8 


15- 













1649 


1460 


6- 


1 


0-9 


2-46 


«• 


3' 


•52 





57 


0-65 


2521 


168 


15' 













1441 


1420 


1' 


to 


1-0 


2-42 


f « 


3" 


•48 


0- 


56 


0-65 


2507 


168 


14' 


'9 










1403 


1400 


0' 


2 


1-0 


2-38 


»» 


3' 


•35 





'53 


0-75 


2495 


168 


14' 


'8 










1323 


1340 


1' 


4 


1-1 


2-32 


•« 


3 


•32 





'57 


0-65 


2491 


168 


14' 


8 










1423 


1320 


7' 


8 


1-0 


2-31 


•» 


3 


•32 





•65 


0-65 


2495 


167 


14' 


'9 










1362 


1320 


3' 


2 


1-1 


2*30 


?» 


3 


•27 





•54 


0-75 


2466 


167 


14' 


'8 










1323 


1300 


r 


•8 


1-1 


2'26 


February. 


3 


•21 





•54 


0-65 


2461 


167 


14' 


7 










1316 


1270 


3' 


■6 


ri 


2-25 


It 


3 


•05 





•50 


0-75 


2414 


166 


14' 


■5 










1210 


1200 


0' 


'8 


ri 


2-17 


ti 


2 


•93 





■53 


0'65 


2403 


166 


14 













1210 


1160 


4' 


•3 


1-1 


2-11 


41 


2 


•90 





•48 


0-66 


2399 


165 


14 


■6 










1149 


1160 





.1 


1-2 


2-07 


ti 


2 


•86 





•47 


0-66 


2416 


166 


14 


'6 










1137 


1140 


0' 


3 


1-2 


2-02 


11 


2 


•76 





•46 


0-65 


2381 


166 


14 


•4 










1094 


1090 


0- 


'4 


1-2 


2-00 


IV 


2 


•70 





•60 


0-66 


2374 


166 


14 


■4 










1184 


1070 


10' 


■7 


1-2 


2-02 


ft 


2 


•69 





•46 


0-65 


2374 


165 


14 


■4 










1080 


1070 


0' 


■9 


1-3 


1-99 


1? 


2 


•62 





•43 


0-65 


2320 


164 


14' 


•3 










1003 


1020 


1' 


■7 


1-3 


1-77 


11 


2 


•41 





•42 


0-65 


2308 


164 


14 


1 










970 


980 


1' 





1-4 


1*77 


11 


2 


•36 





•44 


0-65 


2294 


164 


14 


•0 










1001 


976 


2 


■7 


1-3 


1*78 


ft 


2 


•34 





•42 


0-65 


2287 


164 


14 


•0 










954 


970 


1' 


'7 


1-4 


1-76 


March. 


2 


•07 





•36 


0-75 


2253 


164 


13 


•7 










819 


880 


6' 


'9 


1-6 


1-64 


If 


2 


•04 





•37 


0-66 


2242 


162 


13 


■8 










824 


870 


5' 


3 


1-6 


1-63 


If 


2 


•00 





•37 


0-76 


2244 


162 


13 


'8 










828 


860 


3' 


7 


1-6 


1-63 


^1 




•74 





•34 


0-66 


2200 


162 


13 


i 










746 


800 


6' 


'9 


1-7 


1-64 


It 




•68 





•32 


0-65 


2232 


162 


13 


'8 










723 


790 


8' 


'6 


1-8 


1-48 


11 




•71 





•39 


0-55 


2203 


162 


13 


•6 










860 


790 


8- 


9 


1-5 


r46 


•1 




•60 





•36 


0-66 


2166 


162 


13 


'4 










788 


770 


2' 


3 


1-6 


1-44 


It 




•69 





■42 


0-66 


2179 


162 


13 


■5 










914 


790 


15' 




1-4 


1-48 


11 




•80 





•40 


0-66 


2204 


162 


13 


•6 










870 


815 


6' 


8 


1-5 


1-64 


11 




•76 





■38 


0-66 


2207 


162 


13 


•6 










838 


810 


3' 


6 


1-6 


1-49 


^^ 




•83 





■39 


0-66 


2226 


162 


13 


•7 










857 


830 


3' 


2 


1*5 


1*64 


11 




•90 





•39 


0-61 


2221 


162 


13 


■7 










894 


840 


6' 


4 


1-4 


1-63 


11 




'88 





•39 


0-61 


2191 


162 


13 


■9 










854 


830 


2' 


9 


1-5 


1-58 


•« 




•86 





37 


0-61 


2209 


162 


13 


■6 










821 


830 


1' 


1 


1-5 


1-56 


It 




•79 





'39 


0-61 


2218 


162 


13 


1 *• 










871 


815 


6' 


'9 


1-5 


r65 


April. 




■71 





■38 


0-61 


2189 


162 


13 


■5 










826 


7iK) 


4' 


6 


1-5 


1-51 


It 




•56 


0" 


•42 


0-61 


2146 


162 


13 


■2 










910 


770 


18' 


2 


1-4 


1-44 


It 




51 





■34 


0-61 


2140 


162 


13' 


•2 










727 


760 


3' 


1 


1-7 


1-40 


ti 




•51 





•35 


0-65 


2154 


162 


13 


■3 










746 


750 


0' 


to 

O 


1-7 


1-40 


It 




•62 





'36 


0-66 


2139 


162 


13 


■2 










765 


7b() 


2' 





1-6 


1*41 


11 




'50 


0' 


•35 


0-66 


2124 


162 


13' 


•1 










739 


760 


r 


6 


1-7 


1-40 


11 




'53 





■35 


0-65 


2142 


162 


13 


■2 










740 


760 


1' 


•3 


1*7 


1-40 


•1 




•55 


0" 


■36 


0-65 


2135 


162 


13' 


•2 










777 


760 


3' 


'6 


1-6 


1-40 


It 




'65 


0' 


'38 


0-66 


2146 


162 


13- 


■2 










818 


760 


9- 


1 


1*6 


1-41 


11 




'57 





•33 


0-66 


2156 


162 


13' 


•3 






. 




712 


760 


6' 


'3 


1-7 


1*42 


11 




'55 


0' 


'35 


0-66 


2141 


162 


13 


■2 










769 


760 


r 


2 


1-6 


1-41 


i« 




'55 





•37 


0-65 


2134 


162 


13' 


•2 










787 


750 


4' 


•9 


1-6 


r4i 


11 




58 


0" 


'34 


0-65 


2142 


162 


13' 


■2 










719 


760 


6' 


'4 


1-7 


1-41 


11 




65 


0' 


38 


0-66 


2162 


162 


13' 


■2 










819 


780 


6* 


'0 


1-6 


1*39 


11 




76 


0' 


36 


0-65 


2182 


162 


13' 


•4 










792 


800 


1 


■0 


1-6 


1-48 


11 




'82 


0" 


'41 


0-66 


2182 


162 


13 


'4 










883 


830 


6" 


'4 


1-4 


r67 


11 




83 


0' 


40 


0-66 


2189 


162 


13' 


•5 










867 


830 


4 


•6 


1-6 


1*60 


tt 




82 


0' 


37 


0-65 


2185 


162 


13 


•5 










803 


830 


3' 


•8 


1-6 


1-67 
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Published by the Survey Department^ and on sale at the Offices of the Survey 
Department^ Giza^ and the Geological Museum^ Cairo. 



Cadastral Maps. 

Oftdastral maps of all villages of the following Mudirios are printed in Arabic only, showing 
number of Hods and Plots corresponding with the Individual holdings, as entered in the 
Mudiria Land Registers : 



Menafia Madiria scale 7^ and ^i^ 

Gharbia „ „ ^o •• •• 

Qaliubia „ „ ^^ .. .. 

Daqahlia „ „ j;^ 

F^yiim „ 



II 






Aswan Mudiria scale ^its^ 
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Sharqia 



If 
11 

I* 



i» 
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11 
♦I 



»i 



It 
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1 
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Topographioal Maps. 
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Maps of Egypt. 
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Dakhla Oasis, in English 
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Title. 



Pl'IiLIO AVOKKS MINISTRY. 

Irrigation Reports. 
A Report uiuiii tii<i Itubin of tl:<' Tp^.i^r Nile ^vitIl propo^vlb fur the improvemeut of that river, 1904 •• 



Irrigation Kq-ort for tlie year l.^S'4 

lleport on the Adiniiiintnition uf the Irrigation LNpArtnicnt, for the yeurs 1891, 1895, 1896 Ukd 

1897 • •• Each 

lleport upon the Adniinislration of Puhlic AVorks Department, for the years 1809 and 1900. • Each 
Report upon the Ad niinibt ration of Public Works Dciartnient, for the years 1901, 1902, 1003, 1904 and 

101)5 • Eaoh 

Note on tlie Irrigation WcrkF of Egypt nnd the inuirovfiniente to he made to them, 1884 

Report on riniinn^e and punipi!;g Btutions in ilollanu, 18t^ '• 

The Egyitian (^Mi;»l Art l>:i'(» 

Note on t lie Nile Flood for 18^7 

Note pn the Wadi Pia van Projrtt, ISKO 

Note on the Nii«?Barfrtro, 1800 

Nile ReF(.T\'oir Rrporttf, 1 SOI • 

Nile Itet^ervoirH Appeiidicep, 1802.. .. • 

Pereiiniul Irri;;ation and Flood protection for E};y[>t, ISOi 

Ke|K)rt of the TechniHil ConiiniHsion on ReserYoini, 1894 • 

Note on tlie Sudan. 1800 ...• 

Note on tht> f'rotip<.ot>: wf tlu* Kill; irumnirr 8up]jlv in 1000 

The Delia Barrage, If"*' * 



TKICIL 



L.E. nm 



Report on the Irrigation of the ValK^y of tJie Kivor To (Northern Italy), 1902 •• •• •• •• 

BeodlngB of liie A^\va^ (iaiigv in pirn and mctrcH from January, 1871 to December, 1892 .. 



Report on KiAva Oasis, 1900 

List of Maps, Plane nnd PuMiratioiis, up to 31st IVtrmbcr, lO^Mi , 



SURVEY DEPARTMENT. 

Ad Almanac for Ihn Toarv 1001. 1D05, lOOT) and 1907, English or Arabic edition.. 
Survey Di'pai-tm<3iit Itcprrt for 1905 



• • 



Geographical Report. 



»» 



i» 



»» 



• • 



The ^h^ii>graphy of tiic RivrrNileand its Busin 

Geological Reporta. 

Report on the Phosphate DepcMts of Egypt, Revised lOOfS 

Geological and Toprtgraphittil Report on Kharga Ousitv, 18*.<9 

Farafra OasiH, 1809 

Dakhia Oasis, HMX) 

Baharia Oasis, liK)3 

Report on the Jehid Cxurra and the Oasis of Kurkur, 1902 .. •• •• • 

Report of the Cretaceous Region of Abu Roash, n»^ar Cairo, 1902 .. • 

Report on the Topogrriphy and Geology of the Eahtem Desert, 1908.. . • •• •• • 

The Topography and Geology of the Fay fun Province, 1005 

Note on the Aiwinoithcrinm Zitteli from the Upper Eocene Strata of Egypt, 1902 , 

Note on soDio Nvw Fossil Mamnwils, 1002 • • •• < 

A preliminary notice of a Land Tortoise from the Upper Eocene of the Fayum, 1908i 
A preliminary investigation of the Soil and AVat^T of theF«tyum Province, 1902. • , 
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